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Abstract 
 
Heizer Jr, Esley M. PhD. Biomedical Sciences PhD Program, Wright State 
University 2010. Extent and Effects of Selection to Reduce Synthetic Cost of 
Highly Expressed Proteins. 
 
 
 
 Organisms that preferentially utilize less biosynthetically expensive amino 
acids in highly expressed genes exhibit metabolic efficiency.  Exploration of this 
phenomenon has been limited to six prokaryotes.  
I present a large scale analysis of metabolic efficiency in prokaryotic 
organisms and analysis of two eukaryotes (Saccharomyces cerevisiae and 
humans).  Examination of 73 bacteria reveals the presence of metabolic 
efficiency in 66 organisms.  The average correlation between amino acid 
biosynthetic cost and CAI scores in these organisms is -0.21.  The seven 
organisms that did not exhibit metabolic efficiency are all Lactobacilli and highly 
auxotrophic.  Saccharomyces cerevisiae exhibits significant trends between 
average amino acid biosynthetic cost and CAI both when aerobic and anaerobic 
costs are considered.   
The treatment of amino acids in the seven organisms and the dual amino 
acid costs of Saccharomyces cerevisiae led to the examination of perceived cost 
of amino acid acquisition.  Linear regression was utilized to calculate amino acid 
perceived cost in 11 organisms auxotrophic for a single amino acid and 13 
prototrophic for all amino acids.  The resulting costs for the auxotrophic amino 
acids are, in general, highly negative implying that auxotrophic organisms receive 
an energy dividend for utilizing amino acids they cannot produce.  The results 
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make it unlikely that linear regression is a suitable method for determining 
perceived cost.     
In order to determine the effect of metabolic efficiency I examined the cost 
of conserved versus non-conserved positions within homologous proteins.  
Positions that were variable in human, mouse, dog and cow utilized less 
expensive amino acids while conserved positions utilized more expensive amino 
acids.  These results indicate that natural selection generally results in proteins 
with lower average amino acid biosynthetic costs.   
Human genes with CpG islands have been shown to be highly expressed 
in all tissues.  Comparing the cost of these genes with genes not associated with 
CpG islands shows a lower average cost for the highly expressed genes 
demonstrating that metabolic efficiency is a significant evolutionary force in 
humans.   
Metabolic efficiency appears to drive amino acid substitutions in both 
simple one celled organisms and complex multicellular organisms and is most 
strongly manifested in variable regions of a protein.   
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Chapter One  
1.  Background Information 
1.1 Introduction 
 ATP is the energy currency of life.  Efficient use of energy resources can 
determine the success of an organism -- particularly during times of high 
selective pressure.  Amino acid biosynthesis can account for a substantial portion 
of a cell’s overall energy budget (Akashi and Eyre-Walker 1998) in that 
biosynthesis of amino acid requires the diversion of resources from energy 
production (Craig and Weber 1998; Wagner 2005).  The energy-cost of 
producing an individual amino acid can be estimated by adding the amount of 
ATP expended in production itself and the amount of potential energy lost due to 
the diversion of energy rich intermediates from other metabolic pathways (Craig 
and Weber 1998; Wagner 2005). 
 Given that the energy required to biosynthesize amino acids varies 
considerably, ranging from averages of 9.5 (glutamine) to >74 (tryptophan) high 
energy phosphate bonds (~PO4) (Craig and Weber 1998; Wagner 2005) and that 
energy availability commonly limits prokaryotic growth, it is reasonable that 
natural selection would favor substitutions that resulted in the utilization of less 
energetically costly amino acids where possible. 
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Manifestation of such a substitution bias should be greatest in highly 
expressed genes in much the same way that adherence to codon usage biases 
tend to be greatest in genes that are expressed at high levels (e.g. at the 50,000 
to 100,000 copies per cell level) (Akashi and Gojobori 2002).  Thus, selection for 
proteins with more amino acids exhibiting lower average biosynthetic costs has 
the potential to result in substantial energy savings.  A saving of just 1–2 high-
energy bonds per highly expressed protein molecule can result in a total saving 
of 0.01% of the energy necessary to make an E. coli cell (Akashi and Gojobori 
2002).  Under natural conditions of semistarvation and extreme competition, 
these savings may give a cell an important selective advantage.   
 Analyses of complete genomes allow the discovery of trends or 
relationships that might not have been detected through an examination of just a 
few genes (Ikemura 1981a; Akashi and Gojobori 2002; dos Reis, Wernisch and 
Savva 2003).  One area of investigation that has particularly benefited from 
complete genome analyses has been the study of codon usage bias (CUB).  
CUB describes the preferential utilization of one synonymous codon for an amino 
acid over the alternative codons that also code for that amino acid.  The number 
of synonymous codons in any particular set varies from two to six (Figure 1.1).  
For example there are two synonymous codons for Lysine (AAA and AAG), in 
this set of synonymous codons, one of the two codons is typically used at a 
significantly higher frequency than the other and is said to be the preferred 
codon.  In E. coli the preferred codon AAA (170 times per thousand codons) is 
3 
 
used nearly threefold more often than AAG (62 times per thousand codons) 
(Nakamura, Gojobori and Ikemura 2000).  
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FIGURE 1.1.- Codon table showing which amino acid is coded for by each 
codon, Reproduced from (MIT 2005).  Image resides at URL: 
http://web.mit.edu/esgbio/www/dogma/images/code.gif 
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The earliest studies of CUB were based upon only a few genes from an 
organism (Grantham et al. 1980; Grantham, Gautier and Gouy 1980) and, in 
some cases; the bias was examined in different parts of the same gene (Miyata 
et al. 1979).  Present studies of CUB incorporate entire genomes and thousands 
of genes allowing for a complete organismic look at this bias.  It is interesting to 
note that many of the hypotheses formed by the earliest research in this field 
have been proven to be accurate by whole genome analyses.  The hypotheses 
formed by the pioneers in this field have been proven to be true as technology 
has improved and the amount of information has increased.   
 One of the first studies of codon usage bias was performed by Grantham 
et al. in 1980.  This study initially examined 90 genes in a varied set of organisms 
(Grantham, Gautier and Gouy 1980)  and was later expanded to include an 
additional 29 genes that had been sequenced after the original study was 
concluded (Grantham, Gautier and Gouy 1980).  These investigations form the 
foundation of the modern understanding of codon usage bias.  It was shown that 
genes from the same organisms tend to preferentially use the same subset of 
synonymous codons, though the underlying reason for biased use of 
synonymous codons was not known. 
 Two different studies performed by Ikemura first suggested a mechanism 
responsible for maintaining codon usage bias (Ikemura 1981a; Ikemura 1981b).  
Two-dimensional gel electrophoresis was performed to determine the relative 
abundance of the 26 tRNA’s of Escherichia coli that were known at the time 
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(Ikemura 1981a; Ikemura 1981b).  Once the relative abundance of the tRNA’s 
was known, their utilization in several ribosomal protein genes as well as other E. 
coli K12 genes, coliphage genes and transposons was also considered.  Genes 
native to the E. coli K12 genome showed a strong positive correlation between 
codon choice and relative abundance of tRNA.  In contrast, the relationship 
between tRNA abundance and codon choice was less obvious in the phage 
genes and transposons (Ikemura 1981a; Ikemura 1981b). 
 In order to determine what effect tRNA abundance has on protein 
translation rates Robinson et al. (Robinson et al. 1984) inserted synthetic 
oligonucleotides into highly transcribed genes.  A three- to six-fold difference in 
translation rates was observed when a synthetic oligonucleotide containing non-
preferred codons was inserted into the gene (Robinson et al. 1984).  A separate 
study also found that changing major codons (preferred codons, often associated 
with the tRNA with the highest concentration) to minor codons (less preferred 
codons, often associate with less common tRNA’s) can cause up to ten-fold 
differences in the accuracy of translation (Precup and Parker 1987). 
 Kanaya et al.  (1999) subsequently performed a multi-species study 
utilizing genomic data on a much larger scale than had previously been possible.  
They found that they were able to predict tRNA levels based upon tRNA gene 
copy numbers.  Then, using principal component analysis (PCA), they also found 
that they were able to predict both tRNA levels and tRNA gene copy numbers by 
determining preferred codons from complete genome sequence information.  
Codons predicted to be major by PCA were highly correlated with those that 
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were predicted to be major based upon relative tRNA abundance and thus an 
alternative (non-laboratory based) method for finding major codons was 
discovered (Kanaya et al. 1999).   
 Selection for codon usage bias is considered to be a weak evolutionary 
force.  One study found that selection for CUB was only 1/3 as strong as that for 
amino acids (Hartl, Moriyama and Sawyer 1994).  Examination of an additional 
118 genes gave similar results.  As such measuring the fitness effects of codon 
usage can be difficult.  However, a recent study was able to estimate the effect of 
CUB on protein expression by mutating the alcohol dehydrogenase gene (ADH) 
of Drosophila melanogaster.  In the study 1, 6, or 10 leucine codons were 
mutated to the nonpreferred codon (CTA with a genome-wide frequency of 8.2 
per thousand codons vs. 38.2 per thousand for the more preferred codon(CTG)).  
The level of ADH was then measure for each mutant.  There was ~2.13% drop in 
ADH activity per nonpreferred codon (Carlini and Stephan 2003).   
 
1.2 Problem Description and Significance 
Current studies in metabolic efficiency have been limited in scope to six 
prokaryotes (Akashi and Gojobori 2002; Heizer et al. 2006).  While the observed 
trends are consistent in all the organisms it is unclear whether these trends will 
continue when organisms with different life styles, more complexity, and niches 
are examined.  For this to be addressed multiple organisms need to be 
examined, both prokaryotes and eukaryotes, need to be examined to determine if 
the observed trends are indeed universal.   
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Properly determining metabolic efficiency is dependent upon correctly 
determining the energetic cost of amino acids.  While amino acid biosynthesis 
pathways are highly conserved throughout all domains of life, biosynthesis is not 
the only way an organism can obtain the needed amino acids (Umbarger 1978).  
Alternate means, such as absorption from the environment, may result in 
changes in the effective cost of amino acids.  In addition many organisms are 
facultative and can exist both aerobically and anaerobically such that there are 
two “costs” for many amino acids (Wagner 2005).  Determining which set of costs 
the usage of amino acids reflects may help us to determine lifestyle preferences 
and increase our knowledge of evolutionary history.  A facultative  organism that 
has perceived costs reflecting one lifestyle may have evolved in that lifestyle for 
much of its history.   
 Selection on amino acid biosynthetic cost occurs as a result of amino acid 
replacement in proteins.  Examination of proteins to determine where this 
replacement occurs has not yet been undertaken.  Knowledge of where amino 
acid replacement, as a result of metabolic efficiency, occurs may improve our 
ability to perform multiple sequence alignments and find functionally constrained 
amino acids.  If, as expected, variable regions of a protein incorporate less 
biosynthetically expensive amino acids then it is more likely that any 
biosynthetically expensive amino acid will be conserved.  Knowing that 
functionally important amino acids tend to be more costly may also improve our 
ability to align proteins and recognize active sites.  Amino acid biosynthetic cost 
is not currently a consideration when aligning proteins.  Incorporating this metric 
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into protein alignments may improve our ability to align proteins.  Increasing the 
penalty for placing a gap in a position containing a biosynthetically expensive 
amino acid may lead to better overall alignments. 
1.3 Methods for Determining Codon Usage Bias 
 In order to calculate metabolic efficiency a method for determining 
expression levels of genes is needed.  While it is possible to do this through 
experimental methods there are also several algorithmic methods that can be 
utilized.   
1.3.1 Principle Component Analysis 
Principle component analysis (PCA) was used to determine codon usage 
bias largely as described by Kanaya (1999).  Specifically, for each gene in an 
organism, the number of occurrences of each codon (excluding those for 
methionine, tryptophan, and the three stop codons) was tallied.  Each of the 
resulting 59 codon counts for each gene was then normalized to allow 
comparisons between genes with differing numbers of synonymous codons 
(Kanaya et al. 1999).  The GGT (coding for glycine) count, for example, was 
divided by the total number of occurrences of all glycine codons within the gene, 
and by the number of synonymous codons for glycine (four).  The normalized 
values were assembled into a codon frequency matrix, in which each entry, fi,j is 
the normalized count of codon j in gene i.  The projection of these codon 
frequencies onto the one-dimensional space that best captures their variability 
was obtained by calculating the dot product between the codon frequency matrix 
and the first principle component of this matrix (Figure 1.2).  A codon is 
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determined to be major for the organism in question if there is a significant and 
positive correlation between the normalized frequencies for a particular codon 
and their projected values (Kanaya et al. 1999).   
 
 
11 
 
 
 
Fig. 1.2.-The result of PCA on the codon frequency matrix is the first principle 
component.  The dot product of the first principle component and the codon 
frequency matrix yields the projection Z’.  Z’ is the projection that best captures 
the variability of the data contained in the codon frequency matrix.  The 
correlation between each column in the codon frequency matrix and the 
projection Z’ is determined.  If the correlation is positive and significant the codon 
is determined to be major.    
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1.3.2 Codon Adaptation Index 
 While it is possible to determine CUB utilizing PCA it does have some 
disadvantages.  Principle among these disadvantages is the binary nature of the 
results.  In PCA a codon is either major or minor.  There is no gradation in the 
degree to which a codon is major or minor.  A method developed by Sharp and Li 
(1987) known as the codon adaptation index (CAI) allows the determination of 
CUB but in a manner that is not binary.  This method results in a weight for each 
codon ranging between 0-1, with the most utilized codon being given a weight of 
one and all others being less.  One advantage of this method is that a codon that 
is not the most preferred but is still used frequently will be given a weight close to 
1 and not 0 as in PCA.  This method relies upon knowledge of a reference set of 
known highly expressed genes.  Ribosomal protein coding genes are the typical 
reference set (Sharp and Li 1987).  Calculating the weight for a specific codon is 
a multistep process.  First the usage of each codon in the reference set is 
determined.  The codon in each synonymous family that is utilized most 
frequently (sibling of maximal frequency) is determined.  The usage of each 
codon in the synonymous family is then divided by that usage resulting in a 
weight for each codon based upon its usage.  This results in a weight of 1 for the 
codon used most frequently and lower scores for all other codons.  The closer 
the usage of a codon to the sibling of maximal frequency the higher its weight will 
be.  Once this is done these weights are used to determine CAI scores for each 
gene in the gene set.  This is done by taking a geometric mean of all the codon 
weights for each gene.  These CAI scores can then be used as an estimate of 
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expressivity.  The higher the score the more highly expressed the gene is (Sharp 
and Li 1987). 
 In the Sharp and Li algorithm the requirement for knowledge of highly 
expressed genes can be difficult to meet.  In addition many times the reference 
set are not the most highly expressed genes (Carbone, Zinovyev and Képès 
2003).  Since highly expressed genes have been shown to adhere to CUB most 
strongly if the reference set is not the most highly expressed set of genes them it 
is possible that the codon usage bias found may not truly reflect the CUB 
associated with tRNA levels.  Carbone modified this algorithm to remove the 
need for a priori knowledge.  Her method is similar to Sharp and Li’s except that 
the first reference set in her method is the entire genome.  The codon weights 
based upon the entire genome are then applied to the genome (Carbone, 
Zinovyev and Képès 2003).  The genes are then ranked by their CAI scores.  
The top half of the genes are kept as the new reference set and the rest are 
discarded.  New weights are determined based upon this new reference set and 
new CAI scores for each gene are determined.  This process continues iteratively 
until only one percent of the genome is remaining.  The codon weights from this 
final reference set are then applied to the entire genome.  It has been shown that 
these CAI scores are highly correlated with experimentally obtained protein 
expression levels and thus can be used as a proxy for expression levels.  .   
 
1.3.3 Strength Criterion 
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 While CAI can determine a reference set and the weights for the 
associated codons it is possible that the reference set found is not the most 
highly expressed genes.  Two metrics have been developed to assess the 
likelihood that the codon weights accurately reflect the bias associated with 
translational efficiency.   The first method is a ribosomal criterion.  Ribosomal 
protein coding genes (RPCG) are known to be highly expressed in all organisms.  
In order to calculate a ribosomal criterion the mean CAI score of the RPCG are 
compared to the mean CAI score of the entire genome.  If the mean of the RPCG 
is at least one standard deviation about the mean for the genome then it can be 
stated that the organism is translationally efficient. 
 While this method does exhibit the presence of translational efficiency bias 
it may not be strong translational efficiency bias.  Carbone developed a method 
to determine the strength of the translational efficiency bias.  This metric 
determines how different the bias of the reference set is from the overall bias of 
the genome.  This is done by calculating the Manhattan distance and dividing by 
two.  A genome that is completely biased (major codons in the reference set and 
the complete genome set are all different) would receive a score of 20.  By 
Carbone’s method any genome with a strength criterion greater than eight is said 
to exhibit strong translational efficiency.   
 
1.4 Amino Acid Acquisition  
 All living things rely heavily upon proteins and need amino acids to 
construct them.  Organisms can produce amino acids via biosynthetic pathways.  
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However in many organisms these pathways are non-functional and thus the 
organism must obtain exogenously.  The different methods of amino acid 
acquisition will result in different costs for utilizing the amino acid. 
 
1.4.1 Amino Acid Biosynthesis 
 The amino acid biosynthetic pathways are highly conserved in all domains 
of life (Figure 1.3) (Umbarger 1978).  Biosynthesis of amino acids requires the 
diversion of resources from energy production to amino acid production (Craig 
and Weber 1998; Wagner 2005).  The consequent energy-cost of producing an 
individual amino acid can be estimated by adding the amount of ATP expended 
in production itself to the amount of potential energy lost.  The earlier the 
diversion from energy production, the greater the production cost of the amino 
acid (Craig and Weber 1998; Wagner 2005).  The cost of producing an amino 
acid differs depending on whether it is produced in an aerobic or anaerobic 
environment.  In an anaerobic environment the cost of producing the amino acid 
is much less due the Kreb’s cycle being non-functional.  Much of the cost of 
producing an amino acid aerobically is due to energy production through the 
Krebs’ cycle without this pathway functioning less potential energy is lost.  While 
the major pathways are conserved there are alternate pathways for some amino 
acids.  Alanine, glutamate and, asparagine, for instance, all have multiple 
production pathways (Umbarger 1978).   
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FIG. 1.3.- Metabolic pathways involved in amino acid biosynthesis and 
energy production.  penP, ribose 5-phosphate; PRPP, 5-phosphoribosyl 
pyrophosphate; eryP, erythrose 4-phosphate; 3pg, 3-
phosphoglycerate;pep, phosphoenolpyruvate; pyr, pyruvate; acCoA, 
acetyl-CoA; αkg, α-ketoglutarate; oaa, oxaloacetate; RuBP, ribulose-
bisphosphate; TCA, tricarboxylic acid cycle.  (Modified from Akashi and 
Gojobori, 2002.)  
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1.4.2 tRNA Synthetases 
 It is possible that an organism can produce an amino acid and yet be 
unable to utilize it in protein synthesis.  This is due to the possible lack of a full 
set of aminoacyl tRNA’s (Sheppard et al. 2008).  Translation requires tRNAs to 
pair with their cognate amino acid.  Aminoacyl-tRNA synthetases (aa-tRNA) are 
responsible for this pairing.  Prior to translation the aa-tRNA will add the cognate 
amino acid to the tRNA.  In organisms lacking a full set of aa-tRNA’s a non-
cognate amino acid is added to the tRNA and then through a series of reactions 
it is transformed into the cognate amino acid (Sheppard et al. 2008).  In bacteria, 
for instance, Asn-tRNA and Gln-tRNA are often formed by the amidation of Asp-
tRNA or Glu-tRNA (Sheppard et al. 2008).  Once the non-cognate amino acid is 
added, via aminoacylation of the tRNA, amidotransferases couple with an 
amidase or an asparaginase to liberate ammonia with a tRNA dependent kinase 
resulting in the cognate amino acid (Sheppard et al. 2008).  Each step in the 
transition from non-cognate to cognate amino acid is energy dependent 
(Sheppard et al. 2008).  The expenditure of ATP in this transformation would 
cause the resulting amino acid to have a cost different from that calculated via 
the normal biosynthetic pathways.  
 
1.4.3 Auxotrophy 
 Auxotrophy occurs when an organism is unable to synthesize a certain 
amino acid and must obtain it through alternate means – often through 
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environmental uptake (Tempest, Meers and Brown 1970).  Amino acid uptake 
from the environment can occur either as single amino acids or in the form of 
small peptides (Graf and Ruby 1998).  Acquiring exogenous amino acids 
requires the expenditure of ATP, both to transport the amino acid into the cell 
(Tempest, Meers and Brown 1970) and in some cases to break the small 
peptides into their component parts (Chung et al. 1997).  The energy expended 
in acquiring auxotrophic amino acids from the environment may result in a usage 
cost for the amino acid that is different from the cost of producing the amino acid.   
 
1.5 Translational Efficiency 
 Preferential utilization of preferred codons in highly expressed genes is 
known as translational efficiency bias.  Determining the preferential usage of 
codons, in an organism exhibiting translational efficiency, allows an estimate of 
the gene expression level to be made.  Genes that exhibit a strong bias towards 
utilization of preferred codons tend to be highly expressed.  There exist several 
methods (see sections 1.4.1 and 1.4.2) to determine preferred codons.  
However, it is possible that other biases can be present which can confound 
detection of this bias.  Carbone (2005) has developed methods that determine 
the presence of various genomic biases and their strength in the genome.   
 
1.6 Metabolic Efficiency 
 Metabolic efficiency is the preferential usage of less biosynthetically 
expensive amino acids in highly expressed genes.  This avoidance of 
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biosynthetically expensive amino acids can result in an advantage during times 
of high selective pressure.  In the organisms in which this has been studied 
statistically significant negative correlations between amino acid cost and 
expressivity have been demonstrated.   
 
1.7 Horizontal Gene Transfer (HGT) 
Genomes have been shown to exhibit a high degree of plasticity.  Most 
genomes have a small core genome that does not change readily and a much 
larger transient genome that changes readily.  In a comparison of three E. coli 
strains it was discovered that they only shared 40% of their genes strains 
(Lawrence and Hendrickson 2005; Lawrence 2008).  These results indicate that 
bacterial genomes gain and lose genes readily. 
Genes recently acquired may not yet have had time to change to reflect 
the biases of the host genome.  Thus genes that differ from normal organismal 
genomic patterns are more likely to be recently acquired.  Identification of HGT 
events is done in a series of steps.  The first step in identifying HGT events is 
parsing NCBI gene annotations for phage or transposon related verbiage.   
 The second step in removing recently acquired genes involves examining 
the nucleotide content of the genes.  Genomes tend to have very specific GC 
content especially in the first (GC1) and third (GC3) codon positions.  Any gene 
that has significantly different GC1 and GC3 content than that of the overall 
genome is likely relatively new to the host genome.  If both GC1 and GC3 biases 
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deviate from the mean in the same direction and one by at least 1.5 standard 
deviations then the gene is considered to be a candidate for HGT.   
 Examination of a gene’s deviation from the average genome codon usage 
via a Mahalanobis distance can also help determine if a gene is native to a 
genome.  A Mahalanobis distance is the distance between two points in a 
multidimensional space normalized by the variance of the overall data in each 
dimension (Raiford 2005).  A frequency matrix in which each row represents a 
gene and each column represents a codon is created for the genome.  Each cell 
in the matrix represents the frequency of the specific codon in a specific gene.  
For each gene the Mahalanobis distance is calculated between each gene and 
the mean of the organism.  If the gene differs from the mean by more than two 
standard deviations it is considered to be extraneous.    
 Genomes are examined in an 11 gene sliding window.  If five or more 
genes in a window are the result of a possible HGT then the strip is considered to 
be a possible alien strip.  These strips are then filtered to remove short isolated 
segments and to include genes which were previously not determined to be the 
result of HGT.  If a gene not previously considered to be alien deviates in the 
same direction of the strip to which it belongs it is considered to be alien to the 
genome. 
 
1.9 Contributions 
1. I examined the relationship between expressivity and average amino acid 
biosynthetic cost in Saccharomyces cerevisiae.  
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2. I did a large scale analysis of prokaryotic organisms to determine if metabolic 
efficiency is found ubiquitously in bacteria.   
3. I tested a method for determining the perceived cost of both auxotrophic nd 
prototrophic amino acids.   
 
 
4. I calculated and compared the average amino acid biosynthetic cost of amino 
acids in conserved and non-conserved positions in homologous proteins.   
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Chapter Two 
 
2.  Metabolic Efficiency in Saccharomyces cerevisiae? 
2.1 Introduction 
 
Functional selection is typically considered to be the dominant force 
shaping proteome evolution.  Mutations that give rise to changes in protein 
structure can lead to alterations of function that affect fitness (Nei 1975).  An 
evolutionary force that is less gene-centric and more global in nature, metabolic 
efficiency, recently has been shown to influence prokaryotic proteome evolution 
(Akashi and Gojobori, 2002; Heizer Jr. et al., 2006; Swire, 2007).  Relationships 
between the expressivity and average amino acid biosynthetic cost of an 
organism's proteins have been put forth as evidence for metabolic efficiency as a 
proteome-wide evolutionary force.   
Others have searched for evidence of this selective force in eukaryotes 
(Seligmann 2003; Urrutia and Hurst 2003; Kahali, Basak and Ghosh 2007; Swire 
2007), but have limited their analysis to single proxies for expressivity (Swire 
actually avoided the use of expression data altogether), have employed the use 
of protein biosynthesis cost measures that are not specific to the species under 
study, and did not determine whether the effects are limited to specific amino 
acids (hydrophobic vs.  hydrophilic) or to proteins from specific functional 
categories (though Kahali et al. did show that it was independent of protein 
secondary structure, and Swire did show consistency across functional 
categories for one organism, S. cerevisiae).  The work described here examines 
in detail the question of whether metabolic efficiency affects proteome evolution 
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and employs multiple surrogates for expressivity, determines if the effects are 
independent of amino acid physicochemical property and protein function, and 
explicitly considers the differences in amino acid biosynthetic costs associated 
with both aerobic and anaerobic metabolism in yeast.  The results reveal the 
existence of significant and persistent trends in amino acid usage.  Some of 
these trends are consistent with an evolutionary pressure to reduce metabolic 
cost for proteins.  Others raise new questions about the universality of such a 
selective force in the yeast proteome. 
2.2 Methods 
While a useful concept in the abstract, “expressivity” is difficult to quantify 
– especially on a proteome-wide scale.  For this reason six separate predictors of 
expressivity were employed: protein abundance, transcript abundance, and 
adherence to codon usage bias under both aerobic and anaerobic growth 
conditions.  All comparisons between biosynthetic cost and expressivity were 
performed using like data (i.e.  aerobic cost vs.  aerobic expression data and 
anaerobic cost vs.  anaerobic expression data). 
2.2.1 Protein Abundance Data 
Aerobic protein abundance data were drawn from the supplemental 
material of analysis by Ghaemmaghami et al.  (2003).  This study grew 1.7 ml 
cultures in 96-well format to log phase.  SDS-polyacrylamide gel electrophoresis 
(PAGE)/western blot analysis was utilized to examine total cell extracts. 
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Anaerobic transcript abundance data were obtained from the Gene 
Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/), accession number 
GSM177360.  The study performed a Quantitative proteomic analysis of 
anaerobic and aerobic yeast cultures.  The results were in the form of a protein 
expression ratio (anaerobic/aerobic).  For this work, expression values for each 
protein were determined by multiplying the aerobic expression data described 
above (as generated by Ghaemmaghami et al.  (2003)) by the protein expression 
ratio.  Proteins shown to express under aerobic-only conditions were set to zero.  
Likewise, those proteins shown to express under anaerobic-only conditions were 
set to zero, as a ratio multiplication of aerobic data would be meaningless.  The 
total number of proteins with anaerobic expression data was 626. 
2.2.2 Transcript Abundance Data 
Aerobic transcript abundance data were obtained from the supplementary 
materials of Holstege et al.  (1998).  Anaerobic transcript abundance data were 
obtained from the Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/), 
accession number GSE5926.  The study measured anaerobic transcriptional 
response to weak organic acids in chemostat cultures of S. cerevisiae.  
Reference (untreated) data were utilized in this study (average expression values 
of three reference data sets). 
2.2.3 Adherence to Codon Usage Bias 
Each gene's adherence to synonymous codon usage bias was established 
by utilizing CAI and major codon usage (MCU).  MCU was determined as 
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described in section 1.4.1.  The reference set for CAI was the top 1% of genes 
drawn from the respective transcript abundance data (aerobic transcript 
abundance for aerobic CAI and anaerobic transcript abundance for anaerobic 
CAI).  Transcript abundance was chosen over protein abundance due to the 
relatively small number of proteins with anaerobic expression values (626, see 
Section “Protein Abundance Data”). 
2.2.4 Sequence Data 
Sequence data were obtained from the National Center for Biotechnology 
Information (NCBI) (http://www.ncbi.nih.gov/Genomes/) for all sixteen 
chromosomes of S. cerevisiae (Goffeau et al. 1996).  Genes with fewer than 100 
codons (not including the start and stop codon) were removed from from 
consideration to minimize sampling effects and potential length biases (Eyre-
Walker, 1996). 
Genes that were recent additions to the genome (horizontally transferred) 
were removed from consideration since they may not reflect yeast's codon usage 
bias (dos Reis et al., 2003).  Culling for HGT events was performed as described 
in section 1.8.   
To prevent oversampling effects, only one paralog was retained from each 
set of paralogous genes.  Paralogs were identified using unfiltered BLAST 
(http://www.ncbi.nlm.nih.gov/BLAST/) searches (Altschul et al. 1990) against the 
S. cerevisiae proteome.  Proteins with greater than 60% amino acid identity in 
these proteomic searches were considered to be paralogous.  Only the single 
paralog with the highest expression level (as predicted by CAI) was retained.  
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Analysis was performed both with and without genes containing introns with 
similar results.  Genes (304) containing introns were included in this study.  A 
total of 4,459 genes were included in this study after culling was completed (of 
5,858 coding sequences initially considered, 320 were removed due to being 
<100 codons, 671 due to likelihood of relatively recent HGT, 403 due to 
membership in paralog clusters, and 5 because of differences between the 
predicted amino acid sequence of the gene and the amino acid sequence 
provided in the accompanying GenBank file). 
2.2.5 Protein Production Cost 
The approach taken to calculate biosynthetic costs was first employed by 
Craig and Weber (1998), and by Akashi and Gojobori (2002), and it exploited the 
near universality of biosynthetic pathways to determine the number of high 
energy phosphate bonds (~PO4) required to synthesize amino acids.  To ensure 
that the results reflect actual biosynthetic costs to the organism, the energy lost 
(that could have been produced if the precursors had not been removed from 
energy metabolism) is added to the total number of high energy phosphate 
bonds expended.  The majority of amino acid synthesis cost can be attributed to 
potential energy lost by diverting metabolic intermediates to amino acid 
production.  Wagner (2005) performed this analysis for both fermentative and 
respiratory conditions for the S. cerevisiae proteome, and the values he derived 
are utilized in this work.  It should be noted that the conversion of reducing power 
to the common currency of high energy phosphate bonds is not straightforward 
under anaerobic respiration.  Wagner's calculations assume 0H per ATP (under 
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ethanol fermentation).  There are alternative pathways for amino acid production 
(http://pathway.yeastgenome.org/biocyc/); however, their costs tend to be similar 
to those described here (Tables 2.1 and 2.2).  The protein production costs were 
determined by calculating the average (per amino acid) number of high-energy 
phosphate bonds (~PO4) required for the synthesis of the protein's constituent 
amino acids.  The biosynthesis costs associated with start codons were not 
considered as these costs are constant across all proteins.  Similarly, stop 
codons do not code for an amino acid and were not included in the analysis. 
2.2.6 Statistical Analyses 
To compare the average biosynthetic cost of S. cerevisiae's proteins and 
their four expressivity measures (MCU, CAI, transcript abundance, and protein 
abundance), a Spearman rank correlation (Spearman, 1904) was performed 
(significance set at α = 0.05).  To determine whether the effects of cost selection 
are experienced by proteins independent of their function, correlations between 
average amino acid biosynthetic cost and expression level were determined on 
genes in each of the 15 functional categories [as listed in the Comprehensive 
Yeast Genome Database (CYGD) (G\uldener et al. 2005)].  Those genes labeled 
“classification not yet clear-cut” or “unclassified proteins” or that were in 
functional categories containing fewer than 50 genes were excluded. 
Individual amino acid usage was examined to determine whether cost 
selection is experienced consistently across all amino acids (biosynthetically 
inexpensive amino acids should exhibit preferential use in highly expressed 
genes while biosynthetically expensive amino acids should exhibit avoidance).  
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To determine whether amino acid usage is consistent with biosynthetic cost, a 
Spearman rank correlation was calculated between the gene's usage of each 
amino acid and the gene's expression level.  A Mantel-Haenszel test (Mantel and 
Haenszel 1959) was used to determine whether functional category was a 
confounding factor in the amino acid usage analysis.  The Mantel-Haenszel test 
stratifies the amino acid usage data by functional category into 2x2 contingency 
tables where the counts of the amino acid (for a given functional category) are 
reported as highly or weakly expressed, and as a count of the target amino acid 
and a count of all other amino acids.  Genes falling below the median expression 
value were designated as “weakly expressed” while those falling above the 
median were designated as “highly expressed.” The threshold for significance for 
both tests was set at α = 0.05 with a sequential Bonferroni correction. 
2.2.7 Data Representation 
For visualization purposes, data were grouped into 20 bins such that 
approximately 1/20th of the codons for an organism were placed into each bin. 
The exact number of codons varies slightly among bins to avoid dividing 
the codons for a single gene between 2 bins. 
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Table 2.1 Amino acid usage versus aerobic expression data across the entire 
proteome 
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2.3 Results 
2.3.1 Correlation Between Gene Expressivity and Amino Acid Production 
Cost 
Statistically significant negative Spearman rank correlations (p < 0.05, 
Table 2.3, overall values, Figure 2.1, Figure 2.3) were found between all 
expression measures (the degree to which translationally preferred codons are 
used, degree of transcript abundance, and degree of protein abundance) and the 
average biosynthetic cost per encoded amino acid for both aerobic and 
anaerobic pathways in S. cerevisiae.  The two algorithmic methods (CAI and 
MCU) resulted in correlations that were slightly stronger, in general, when 
calculated utilizing MCU but were similar in significance and sign.   
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Table 2.2 Amino acid Usage Versus Anaerobic Expression Data Across the 
Entire Proteome 
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Table 2.3 Spearman Rank Correlations Between Aerobic/Anaerobic Costs and 
MCU, CAI, Transcript Abundance, and Protein Abundance for Saccharomyces 
cerevisiae
 
Note: CAI codon adaptation index.  All values are Spearman rank correlation 
coefficients.  * p < 0.05 
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2.3.2 Correlation Between Expressivity and Cost in Functional Categories 
To demonstrate whether cost selection is experienced by proteins 
independent of their function, the protein data have been separated by functional 
category (as determined using the Comprehensive Yeast Genome Database 
(CYGD) (Güldener et al., 2005)).  Spearman rank correlations were calculated for 
expression data vs.  amino acid metabolic cost, both aerobic and anaerobic, for 
the proteins in each of the functional categories.  The database classifies 
proteins into one of 15 different functional categories.  Significance is determined 
in the traditional manner by calculating a t-statistic based upon the Spearman 
rank correlation coefficient and the number of proteins in the analysis.  The t-
statistic is then used to determine a p-value.  No single category appears 
responsible for the correlation between the expression data and average amino 
acid production cost (Table 2.4).  All 15 categories exhibited either negative or 
statistically insignificant correlations between the average amino acid cost and 
the expression measures. 
2.3.3 Correlation Between Gene Expressivity and Cost in Hydrophilic, 
Hydrophobic, and Ambivalent Amino Acids 
To determine whether selection for cost is independent of amino acid 
physicochemical property the 20 common amino acids were separated into three 
physicochemical categories: hydrophilic, hydrophobic, and ambivalent.  
Membership in each class was taken from Zubay (1998).  Hydrophobic amino 
acids are found primarily in the protein core while hydrophilic amino acids tend to 
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be polar and charged amino acids.  Ambivalent amino acids are amphipathic or 
borderline residues.  A Spearman rank correlation test was employed to 
determine whether cost selection trends exist for amino acids in each of these 
three classes.  (Table 3; Figure 2.4; Figure 2.4 utilizes transcript abundance 
only). 
For the hydrophobic (Phe, Leu, Ile, Met, and Val) and ambivalent (Trp, 
Tyr, Cys, Ala, Ser, Gly, Pro, and Thr) amino acids statistically significant negative 
correlations between expressivity and amino acid cost were seen for all but one 
of the expression measures and cost structures (p < 0.05; Table 2.3) (the 
exception was protein abundance vs.  anaerobic cost--hydrophobic amino acids).  
Hydrophilic amino acids (His, Arg, Lys, Gln, Glu, Asn, and Asp), however, display 
only two expression correlations that were significant (anaerobic, CAI rS= -0.167, 
p < 0.0005 and anaerobic, transcript abundance rS = -0.031, p < 0.05).  Figure 
2.1 and 2.2 hydrophilic show that the bin with the highest MCU score also has 
the highest average amino acid biosynthetic cost.  It is likely that the genes 
contained within this bin are responsible for the loss of significance that is seen in 
this category.  Examination of these proteins may help understand why there 
exists a lack of significance in this category. 
 
 
 
 
 
 
 
 
 
 
35 
 
 
Figure 2.1 Comparison of average aerobic cost in high-energy phosphate bonds 
(~PO4) and MCU in Saccharomyces cerevisiae.  Each point represents binned 
data containing approximately one-fiftieth of the proteomes amino acids.  The 
exact number varies slightly among bins, to avoid dividing the amino acids for a 
single protein between two bins.  Error bars represent standard error of the 
means of the bins.   
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Figure 2.2 Comparison of average anaerobic cost in high-energy phosphate 
bonds (~PO4) and MCU in Saccharomyces cerevisiae.  Each point represents 
binned data containing approximately one-fiftieth of the proteomes amino acids.  
The exact number varies slightly among bins, to avoid dividing the amino acids 
for a single protein between two bins.  Error bars represent standard error of the 
means of the bins.   
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2.3.4 Amino Acid Utilization and Gene Expression Levels 
The proportional usage of amino acids in proteins was compared to 
expressivity to determine whether amino acid usage was consistent with respect 
to biosynthetic cost (Tables 2.1 and 2.2).  These results are similar to those 
obtained previously by one of the authors of this work (Akashi, 2003).  The 
findings are somewhat different in that the rS values found herein are based upon 
un-binned data and are, therefore, smaller in magnitude, and the Mantel-
Haenszel test is stratified by a different set of functional categories (Güldener et 
al., 2005).  Cases where the Spearman rank correlation is not significant but the 
Mantel-Haenszel Z statistic is significant (such as for Lys) can be explained by 
the nature of the Mantel-Haenszel test.  The test is used here to determine 
whether trends that may be present are driven by genes from a subset of the 
functional categories, not whether (and to what extent) a correlation exists.  Also, 
the data used in the Mantel-Haenszel test is binary  (2x2 contingency tables 
populated with target and non-target amino acid counts in highly expressed and 
weakly expressed genes) whereas the Spearman rank correlations are 
performed using a ranking on expression and average cost data. 
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Figure 2.3 Comparison of average aerobic and anaerobic cost in high-energy 
phosphate bonds (~PO4) and CAI, protein abundance, and transcript abundance 
in Saccharomyces cerevisiae.  Each point represents binned data containing 
approximately one-twentieth of the proteomes amino acids.  The exact number 
varies slightly among bins, to avoid dividing the amino acids for a single protein 
between two bins.  Error bars represent standard error of the means of the bins.  
X-axis values calculated separately for aerobic and anaerobic data (e.g., aerobic 
expression data used in conjunction with aerobic cost data) 
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The results demonstrate that three low cost amino acids tend to increase 
in usage with expressivity, both overall, and within each of the 15 functional 
categories examined.  Ala, Gly, and Val exhibited statistically significant positive 
trends (p < 0.0005 for all rS and Mantel-Haenszel Z-scores except anaerobic/Val, 
using protein abundance which had a p < 0.005).  Val is the most biosynthetically 
expensive of these three, and there are four amino acids whose costs (either 
aerobic or anaerobic) were less than that of Val that did not follow expected 
trends (Tables 2.1 and 2.2).  Cys, Arg, Asn, and Ser are biosynthetically 
inexpensive (aerobically less biosynthetically expensive than Val) and have 
usage values that exhibited a significantly negative trend with respect to 
expressivity (p < 0.0005, for both rS and Mantel-Haenszel Z-scores  for all three 
expression measures).  Ser is biosynthetically inexpensive (anaerobically less 
biosynthetically expensive than Val) and has a usage value that exhibited a 
significantly negative trend with respect to expression measures under anaerobic 
conditions (p < 0.0005 for both rS and Mantel-Haenszel Z-scores for all three 
expression measures).   
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Table 2.4 Spearman Rank Correlation Within Functional Categories of 
Saccharomyces cerevisiae. 
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Figure 2.4 Comparison of transcript abundance and average aerobic and 
anaerobic cost in high-energy phosphate bonds (~PO4) among hydrophilic, 
hydrophobic, and ambivalent amino acids in Saccharomyces cerevisiae.  Each 
point represents binned data containing approximately one-twentieth of the 
proteomes amino acids.  The exact number varies slightly among bins, to avoid 
dividing the amino acids for a single protein between two bins.  Error bars 
represent standard error of the means of the bins.  X-axis values calculated 
separately for aerobic and anaerobic data (e.g., aerobic expression data used in 
conjunction with aerobic cost data) 
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These unexpected negative trends were generally consistent across all functional 
categories (as evidenced by the Mantel-Haenszel tests) but were not enough to 
nullify the overall trend in the S. cerevisiae proteome of using less expensive 
amino acids in highly expressed proteins (Table ), suggesting that the trend to 
biosynthetic conservation is driven primarily by small, aliphatic amino acids.  With 
these three amino acids removed the overall Spearman rank correlations 
between all six expression measures (transcript abundance, protein abundance, 
and CAI, measured under both aerobic and anaerobic conditions) and their 
respective biosynthetic costs (aerobic and anaerobic) become significantly 
positive (+0.136, +0.135, +0.091 (aerobic) and +0.160, +0.146, +0.123 
(anaerobic) for CAI, protein abundance, and transcript abundance, respectively; 
p<0.0005 for all).  Conservation of amino acid biosynthetic costs is equally 
considered in both aerobic and anaerobic metabolic modes.  This is reasonable 
in light of the fact that these costs are highly correlated (r=0.514, p < 0.05) (costs 
taken from Tables 1 and 2)). 
2.3.5 Consistency in Amino Acid Utilization 
The inconsistencies in amino acid usage described above differ markedly 
from the results of Swire (2007).  Using overall amino acid biosynthetic costs of 
proteins rather than estimates of expression levels as a predictor, Swire showed 
that usage of expensive amino acids tends to increase with overall protein cost 
(positive gradient) while usage of inexpensive amino acids tends to decrease 
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(negative gradient).  Biases in expression estimates or amino acid usage trends 
driven by structural constraints may underlie the incongruence between Swire's 
results and our findings.  In particular, aerobic amino acid costs are correlated 
with amino acid hydrophobicity scores (r = 0.52, p = 0.02) [hydrophobicity values 
taken from (Black and Mould 1991)].  If yeast proteins with high average 
hydrophobicity consistently use amino acids that exhibit high hydrophobicity (and 
proteins with low average hydrophobicity consistently use amino acids with low 
hydrophobicity), gradient consistency analysis may reveal amino acid usage 
consistent with cost minimization.  It should also be noted that gradient 
consistency tests for the S. cerevisiae proteome using anaerobic metabolic costs 
show inconsistent amino acid usage (r2 = 0.08, p = 0.2) (in order to make 
accurate comparisons with Swire results, the p-value was calculated using the 
Kendall's tau nonparametric approach). 
2.4 Discussion 
Evidence of selection for cost minimization may consist of weak 
correlations (Table 2.3, and Tables 2.1 and 2.2) and subtle trends, globally, 
across the entire proteome (Figure 2.3), and such patterns can be obscured by 
competing evolutionary forces.  The results described here, and in the work of 
others (Kahali, Basak and Ghosh 2007), show overall negative correlations 
between protein synthesis cost and expression level in yeast (Table 2.3).  Protein 
size varies inversely with expressivity (Akashi, 2003; Urrutia and Hurst, 2003; 
Seligmann, 2003) yielding a metabolic cost savings to the organism.  It is these 
trends that have been cited as evidence that metabolic efficiency is a selective 
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force at work shaping proteome evolution in S. cerevisiae.  However, there is 
more to the story in that some trends appear to be inconsistent with a cost 
minimizing selective force.  To the extent possible (for continued protein 
functionality), one would expect the cost minimization trends to be exhibited 
across all amino acids, regardless of physicochemical property, and independent 
of protein functional category.  Utilization of metabolically inexpensive amino 
acids should increase in highly expressed genes while the usage of expensive 
amino acids should decrease.  Indeed, this has been shown to be true for 
prokaryotic proteomes (Akashi and Gojobori, 2002; Heizer Jr.  et al., 2006). 
The yeast proteome, however, exhibits some characteristics inconsistent 
with cost minimization.  For example, when hydrophilic amino acids are 
considered, only two of the correlations are significant (transcript 
abundance/aerobic, rS = -0.03, p < 0.05; CAI/anaerobic, rS = -0.167, p < 0.0005; 
between biosynthetic cost and expressivity; Table 3).  The rest of the trends are 
not significant (p > 0.05).  A possible explanation for this behavior is the 
predominance of ribosomal protein coding genes in the set of highly expressed 
genes.  Ribosomal proteins interact with negatively charged RNA species and 
this necessitates the utilization of an unusually large number of positively 
charged amino acids such as Asp, Glu, and Lys.  The average mole percentages 
(22.1 mole %, σ = 4.8%) of these three amino acids is higher in proteins involved 
in protein synthesis compared to all other yeast proteins (19.8 mole %, σ = 
5.1%).  Escherichia coli displays a similar trend for protein synthesis proteins 
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(e.g.  17.5 mole % of Asp, Glu, and Lys, σ = 3.7%) vs.  for all other E. coli 
proteins (15.0 mole %, σ = 5.0%). 
Along with the unusual biosynthetic cost vs. expressivity trends in 
hydrophilic amino acids, there are some unexplained amino acid frequency 
relationships.  The most biosynthetically expensive amino acid (aerobic, Trp) 
exhibits no significant trend in usage with respect to expressivity (Table 2.1, to be 
considered significant both rS and Mantel-Haenszel Z score must be <0.05; not 
significant for all three expression measures).  The most biosynthetically 
expensive amino acid utilizing anaerobic costs is Met which also exhibits no 
significant trend (Table 2.2).  The other aromatic amino acids (Tyr and Phe) 
which also are aerobically biosynthetically expensive generally show no 
significant trend in usage vs. expression data acquired under aerobic conditions 
(Tyr has a significant negative trend with respect to aerobic transcript 
abundance; however, the Mantel-Haenszel statistic is not significant indicating 
that the trend is not consistent across functional categories) (Tables 2.1 and 2.2).  
Additionally, there are several amino acids with low biosynthetic cost that exhibit 
negative correlations with all three expressivity measures (Ser for anaerobic 
costs while aerobic include Arg, Asn, Cys, His, and Ser) (Tables 2.1 and 2.2). 
There are a number of possible explanations.  One is that the trend is 
driven by only a few highly variable amino acids (i.e. Val, Gly, and Ala).  The 
choice of replacement amino acids may be more constrained in the complex 
environments in which yeast and other eukaryotes find themselves.  There are 
more protein-to-protein interfaces and more overall specificity requirements in 
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eukaryotic proteomes (Brocchieri and Karlin 2005; Warringer and Evolrg 2006).  
With these three amino acids removed the overall Spearman rank correlations 
between all six expression measures (transcript abundance, protein abundance, 
and CAI, measured under both aerobic and anaerobic conditions) and their 
respective biosynthetic costs (aerobic and anaerobic) become significantly 
positive.  With Val, Gly, and Ala included in the analysis the overall aerobic 
trends were -0.048, -0.049, -0.079, and the anaerobic trends were -0.179, -0.178, 
-0.132 for CAI, protein abundance, and transcript abundance, respectively (p 
value at least <0.05 for all).  With them removed they become +0.136, +0.135, 
+0.091 (aerobic) and +0.160, +0.146, +0.123 (anaerobic) for CAI, protein 
abundance, and transcript abundance, respectively (p<0.0005 for all).  The 
codons that code for Val, Gly, and Ala are GTN, GGN, and GCN, respectively.  
Akashi (2003) noted the strong positive trend in yeast for these amino acids, and 
showed that a similar trend for GNN amino acids exists in Caenorhabditis 
elegans, Drosophila melanogaster, E. coli, and Bacillus subtilis (Gutierrez, 
Marquez and Maryn 1996).  The fact that these amino acids do not contain 
nitrogen or sulfur in their side chains may also be an advantage.  Furthermore, it 
is possible that unrecognized synthetic, reclamation, or uptake mechanisms for 
an amino acid produce a perceived cost to the organism that differs substantially 
from its assumed biosynthetic cost.  And, factors other than properties of amino 
acids might underlie some of the amino acid vs. expression trends in S. 
cerevisiae [e.g. the strong negative correlation for serine usage with expression 
is mostly caused by reduced usage of the two-fold family in highly expressed 
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genes--the four-fold family shows a weak negative trend (Akashi, 2003)].  The 
presence of alternative pathways for aerobic and anaerobic lifestyles may also 
contribute to amino acid abundance behavior.  The cost variation among amino 
acids is smaller under anaerobic metabolism.  Aerobic costs vary from 9.5 to 
75.5 high-energy phosphate bonds while anaerobic are in the range of 1 to 24 
(Tables 2.1 and 2.2).  Lower cost variability under anaerobic conditions should 
translate directly to less selective advantage for utilization of lower cost amino 
acids (aerobically, Gln, Phe, Trp, and Tyr, and anaerobically Gln, Met, Phe, Thr, 
Trp, and Tyr all have non-significant changes in usage relative to all three 
measures of expressivity as determined by Spearman rank correlation 
coefficients and Mantel-Haenszel Z-scores (both most have p < 0.05 to be 
considered significant; Tables 2.1 and 2.2). 
While the trend to biosynthetic conservation is somewhat limited by 
physicochemical property (hydrophilic amino acids do not consistently follow the 
selection-for-cost trend, Table 2.3) and inconsistent with respect to amino acid 
usage (trends are driven primarily by small, aliphatic amino acids, Tables 2.1 and 
2.2), the effects do appear relatively consistent across functional category.  
Correlations in all functional categories for all expression measures between 
biosynthetic cost and expressivity were either significantly negative or not 
significant (for functional categories with more than 50 genes, Table 2.4). 
Trends are also consistent between aerobic and anaerobic growth 
conditions.  Overall Spearman rank correlations are significant and negative for 
aerobic biosynthetic costs vs. all aerobic expression measures, and anaerobic 
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costs vs. all anaerobic expression data (aerobic cost vs. aerobic expression data: 
rS = -0.048, -0.049, -0.079 for CAI, protein abundance, and transcript abundance 
respectively, p values <0.005, <0.05, and <0.0005, and anaerobic cost vs.  
anaerobic expressivity: rS = -0.179, -0.178, -0.132 for CAI, protein abundance, 
and transcript abundance respectively, all p values <0.0005, Table 2.3). 
Of note are the generally stronger negative trends in the anaerobic data 
(all but two of the Spearman rank correlations are stronger for anaerobic 
biosynthetic cost vs. anaerobic expression data, Table 2.3).  This could be 
related to S. cerevisiea's strong preference for fermentation over oxidative 
phosphorylation (Dickinson and Schweizer, 1999).  It is difficult to draw clear 
conclusions regarding comparisons between the aerobic and anaerobic data as 
aerobic and anaerobic amino acid biosynthetic costs are themselves correlated (r 
= 0.514, p < 0.05).  E. coli and B. subtilis are facultative as well and this 
relationship could have a bearing on them as it does in yeast.  Many of the 
observed statistically significant correlations explain less than 5% of the variance 
in the available data implying that selection for preferred codons is relatively 
weak and requires a genome-wide analysis to be detected.  This is not surprising 
given the rough estimates of expression and other factors (especially functional 
constraint) that affect amino acid usage.  We attempted to account for effects of 
anaerobic costs on aerobic comparisons (and vice versa); partial correlations 
were performed to control for cost and expression data from alternative lifestyles, 
but all trends became non-significant (data not shown).    
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Given these mixed results, cost minimization would appear, at best, to be 
a weak selective force in yeast (all rS values <=0.192 in magnitude; Table 2.3) 
that is easily obscured by other influences.  Examples of such influences could 
include those related to: constraints on amino acid usage due to the complexity 
of eukaryotic systems; avoidance of nitrogen and sulfur containing amino acids; 
and the predominant usage in highly expressed genes of one family of codons 
(for instance the two-fold family over the four-fold).  It is also possible that the 
cost minimization trend is simply a vestige of a time when S. cerevisiae was 
more actively maintaining cost minimization.  Other factors such as translational 
selection, folding efficiency, and perhaps even the differences between perceived 
and calculated biosynthetic cost also could play important roles.  Expression data 
available today (transcript abundance, protein abundance, and codon usage 
bias) are approximations of the underlying protein production rates.  It may be 
difficult to determine the contribution of amino acid cost minimization to S. 
cerevisiae without more accurate estimates of both costs and expression rates. 
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Chapter Three 
3.  Large Scale Metabolic Efficiency 
3.1 Introduction 
Akashi and Gojobori (2002) performed one of the first studies in metabolic 
efficiency when they examined amino acid utilization in two prokaryotic 
organisms, E. coli and Bacillus subtilis.  PCA was utilized in a whole-genome 
fashion to determine the preferred codons for each synonymous codon set.  The 
usage of preferred codons was determined for each gene and the percent usage 
of preferred codons, known as major codon usage (MCU), was used as a proxy 
for expressivity.  Average amino acid costs were then calculated for each protein.  
Spearman rank correlations, between average amino acid cost and MCU scores, 
revealed significant negative correlations between cost and expressivity (Akashi 
and Gojobori 2002).  This supported the theory that highly expressed genes 
would utilize less energetically-costly amino acids where possible.  The 
researchers desired to show that no single class of amino acid was responsible 
for the observed trend.  To do this amino acid usage was examined based upon 
physiochemical properties (hydrophobic, hydrophilic, and ambivalent).  The 
results showed a negative and significant correlation in every category.  
Correlations were also calculated between individual amino acids and 
expressivity to ensure that it was not a small subset of amino acids responsible 
for the observed trends.  In general the expensive amino acids decreased in 
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usage as expressivity increased while cheap amino acids tended to increase 
(Akashi and Gojobori 2002).   
 The work of Akashi and Gojobori (2002) was recently repeated and 
expanded.  In addition to E. coli and B. subtilis four additional organisms were 
examined.  These organisms are Chlamydia trachomatis, Chlamydophila 
pneumoniae AR39, Synechocystis sp.  PCC 6803, and Thermus thermophilus 
HB27.  These organisms represent diverse lifestyles and amino acid 
requirements.  C. trachomatis and C. Pneumoniae AR39 are both auxotrophic for 
several amino acids.  Synechocystis sp.  PCC 6803 is a photoautrophic organism 
and T. thermophilus HB27 is a hyperthermophile (Heizer et al. 2006).  The goal 
of examining these diverse organisms was to see if metabolic efficiency is a wide 
spread phenomena or something that is found only in a few specialized 
organisms.  The researchers reproduced the methods used by Akashi and 
Gojobori (2002) with minor changes.  The researchers utilized both PCA and CAI 
to determine codon usage.  If PCA and CAI were in agreement PCA was utilized 
otherwise CAI was used.  The results of this study were similar to those achieved 
by Akashi and Gojobori (2002).  Repeating these analyses on a large scale 
should reveal the extent to which metabolic efficiency is found in prokaryotic 
organisms.  
3.2 Materials and Methods 
3.2.1 Amino Acid Biosynthetic Cost 
Amino acid biosynthetic costs were determined using the methods 
devised by Craig and Weber (1998) and by Akashi and Gojobori (2002) (Table 
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3.1).  The costs are determined by adding the amount of energy in the specific 
biosynthetic pathway to the amount of potential energy lost through the diversion 
of metabolic intermediates that would have otherwise been catabolized.  The 
costs are measured in high energy phosphate bonds (~PO4).  Wagner (2005) 
calculated the costs of producing amino acids both aerobically and anaerobically 
in E. coli.  The evolutionary conservation of these biosynthetic pathways allow 
these costs to be used for any bacteria with these same lifestyles.  The average 
amino acid biosynthetic cost for each protein was determined by adding up the 
cost of its constituent amino acids and dividing by the protein's total number of 
amino acids.  Lifestyle designations used were those assigned on the NCBI 
genome project page (NCBI 2009a) for each organism.  Aerobic costs were used 
for those organisms known to be facultative. 
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Table 3.1: Average Amino Acid Biosynthetic Costs in High-Energy Bonds 
(~PO4).   
Amino Acid
Aerobic 
Heterotroph
Anaerobic 
Heterotroph
Ala 14.5 02.0
Arg 20.5 13.0
Asn 18.5 06.0
Asp 15.5 03.0
Cys 26.5 13.0
Gln 10.5 03.0
Glu 09.5 02.0
Gly 14.5 01.0
His 29.0 05.0
Ile 38.0 14.0
Leu 37.0 04.0
Lys 36.0 12.0
Met 36.5 24.0
Phe 61.0 10.0
Pro 14.5 07.0
Ser 14.5 01.0
Thr 21.5 09.0
Trp 75.5 14.0
Tyr 59.0 08.0
Val 29.0 04.0  
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3.2.2 Expression Prediction 
This study utilizes codon adaptiveness index (CAI) (Sharp and Li 1987), 
and ribosomal protein coding genes are used as a reference set for identifying 
codon adaptiveness.  Ribosomal protein coding genes are identified by 
employing a BLAST search (Altschul et al. 1990) on each target proteome using 
a non-redundant set of known ribosomal proteins as query sequences.  The 
known ribosomal proteins were drawn from six representative proteomes 
(Escherichia coli str.  K12 substr.  MG1655, Nitrosopumilus maritimus SCM1, 
Candidatus Carsonella ruddii PV, Natronomonas pharaonis DSM 2160, 
Mycoplasma genitalium G37, Neorickettsia sennetsu str.  Miyayama) to form a 
curated set.  The number of proteomes was expanded to six in order to ensure 
reasonable coverage across the breadth of the organisms analyzed.  Amino acid 
sequences exhibiting alignments with 40% identity over at least 60% of the target 
amino acids were regarded as a “match.”  
3.2.3 Identification of Candidate Genomes 
Only genomes that exhibited characteristics consistent with that of 
genomes known to be translationally efficient were used in this study to ensure 
that CAI was a high-confidence predictor of expressivity.  These characteristics 
include: the presence of highly expressed genes that are much more highly 
biased than the rest of the genome (strength of bias), and bias adherence scores 
that are relatively independent of the effects of GC-content.   
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Carbone et al.  (2003) developed an automated algorithm (not requiring 
prior knowledge of a set of highly expressed genes) for identifying the dominant 
bias in an organism's genome (GC-content, strand, or translational efficiency).  
Carbone, et al.  (2005) also developed measures useful in characterizing the 
strength of the identified bias (strength criterion), the degree to which known 
highly expressed genes adhered to the dominant bias (ribosomal criterion), and 
the degree to which the dominant bias is correlated to GC-content (content 
criterion) (Carbone, Képès and Zinovyev 2005).  These measures can be used to 
identify organisms with a codon usage bias that is significantly driven by 
advantages associated with translational efficiency.  Carbone et al.  concluded 
that the identified bias is that of translational efficiency when the average CAI 
value for the organism’s ribosomal protein coding genes (RPCGs) is greater than 
one standard deviation above the mean CAI value for the organism’s genome.   
The strength of the bias, or the degree to which the reference set of genes 
(as identified by the Carbone et al.  algorithm) is more highly biased than is the 
entire genome (strength criterion), is measured by determining the Manhattan 
distance between the vector of adaptiveness scores (weights) for codons in the 
reference set and the adaptiveness scores when the entire genome is 
considered to be the reference set.  This distance is then divided by two.  
Carbone et al.  (2005) established that genomes with a strength criterion greater 
than eight are “strongly biased.” 
A dominant bias associated with GC-content is determined by taking the 
correlation between bias adherence scores (when the Carbone et al.  algorithm is 
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used) for all genes in the genome and their GC-content percentages (content 
criterion).  If this correlation is greater than 0.7 (or < -0.7) [thresholds set in 
(Carbone, Képès and Zinovyev 2005)] then the dominant bias is that of GC(AT)-
content.   
3.2.4 Equal Proportions Test 
Of the genomes with strong, GC-independent, translational efficiency bias 
only a single lifestyle is represented: aerobic heterotrophs.  To determine 
whether it is unusual that all organisms with strong GC-independent translational 
efficiency bias are aerobic heterotrophs, a Marascuillo Procedure [an equal 
proportions test given multiple proportions, (Marascuilo 1966; Marascuilo and 
Levin 1983)] was performed. 
3.2.5 Identification of Auxotrophic Amino Acids 
BLAST (Altschul et al. 1990) searches were performed on the whole 
proteome of each organism to determine amino acid biosynthetic capability.  
Benchmark enzymes known to be involved in amino acid biosynthesis were 
taken from the E. coli genome.  If a protein in a target organism was at least 20% 
identical to a benchmark protein it was determined that the target organism 
contained a homolog of the benchmark protein.  If homologs of more than 50% of 
a known amino acid biosynthetic pathway in E. coli were absent it was concluded 
that the organism was auxotrophic for that amino acid. 
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3.2.6 Treatment of Exogenously Acquired Amino Acid 
To determine whether amino acids for which organisms are auxotrophic 
are over- or under-utilized in highly expressed genes, we calculated the fraction 
of auxotrophic amino acids in the uppermost and lowermost expression quintiles 
of an organism’s genes sorted according to their predicted expression levels 
(CAI).  The difference in these values (top quintile minus lower quintile) was used 
as an indication of preference (or avoidance) of these amino acids in the protein 
products of highly expressed genes.  Significance was determined by generating 
a bootstrap distribution of difference values.  The entries in the distribution were 
generated by randomly producing quintile-sized sets of genes (drawn, randomly, 
from the uppermost and lowermost quintiles) and calculating the differential 
auxotrophy between the two sets (bootstrap size was 1,000 for each organism).  
The p-values were determined parametrically by calculating the average and 
standard deviation of the bootstrap difference values, and identifying the 
probability, given a normal distribution, that an average fractional difference 
between the upper and lower quintiles could be outside the observed difference 
(two-tailed). 
3.2.7 Gene Culling Criteria 
Once candidate genomes were identified, coding sequences with fewer 
than 100 codons were removed from consideration to minimize sampling effects 
and potential length biases (Eyre-Walker 1996).  Genes identified as candidates 
for horizontal gene transfer utilizing the techniques described by Garcia-Vallve et 
al.  (2003) were also removed from the analysis as they may not reflect the 
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codon-usage bias of the target organism (dos Reis, Wernisch and Savva 2003; 
Garcia-Vallve et al. 2003).   
Additionally, only one version of each paralogous locus was kept in each 
organism's gene set.  Paralogs were identified using unfiltered BLAST searches 
(Altschul et al.  1990) that were individually performed for each protein in each 
organism against all other proteins from that same organism.  Proteins with 
greater than 60% amino acid identity over a stretch of more than 60 amino acids 
were considered to be paralogous.   
3.2.8 Statistical analysis 
A Spearman Rank Correlation Coefficient (Spearman 1904) was 
computed between average biosynthetic cost and CAI values for the genes in 
each of the organisms within the study.  The threshold for significance was set at 
α = 0.05.  Additionally, data on individual amino acid usage verses CAI was 
collected and a Spearman rank correlation coefficient computed.  Biosynthetically 
expensive amino acids would be expected to decline in usage with respect to 
expressivity (negative correlation) while inexpensive amino acids would be 
expected to exhibit increased usage.   
3.3 Results 
3.3.1 Organisms 
Using the sequence information for all organisms currently listed on the 
National Center for Biotechnology Information (NCBI) Microbial Whole Genome 
Database, 73 organisms were selected for analysis.  These genomes were 
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chosen due to their strong translational efficiency bias that is relatively free of the 
effects of GC-content.   
An interim goal of this study is to identify organisms with strong, 
translational efficiency bias relatively free of the effects of GC-content.  The 
number of microbial genomes whose dominant bias has a ribosomal criterion 
greater than one (indicative of translational efficiency bias) is 404 (out of a total of 
803 examined).  Of these, the number where the translational efficiency bias is 
strong (strength criterion greater than eight) is 180.  Of these, no organisms have 
content criteria greater than 0.7 (or < -0.7); however, this merely implies that 
none of the organisms with strong dominant bias of translational efficiency are 
also dominant for GC-content.  There are still strong correlations present in these 
organisms between bias adherence scores and GC-content (as great as 0.66 
and as low as -0.61).  To determine a threshold at which the genomes will be 
considered relatively free of the effects of GC-content the distribution of 
correlation scores was examined (Figure 3.1).  The distribution appears bimodal 
with one mode in the positive range (translational efficiency bias correlated with 
GC-content) and the other in the negative range (translational efficiency bias 
correlated with AT-content).  If the only organisms allowed in the study were 
those where there is no significant correlation between the adherence to the 
dominant bias (translational efficiency bias) and GC-content then the number 
under study would be too small to be of benefit (only organisms near zero in fig  
3.1).  For the purposes of this study, genomes with correlations between bias 
adherence scores and GC-content greater than the mean of the positive mode 
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and less than the mean (in the negative direction) of the negative mode are 
removed from consideration.  This leaves 73 genomes that are identified as 
having strong translational efficiency bias that is relatively free of the effects of 
GC-content.   
Many of these genomes represent separate strains of the same species.  
Out of the 73 genomes that exhibit strong translational efficiency bias that is 
relatively free of the effects of GC-content 41 are unique species.  Due to an 
observed high degree of variability between genome strains (Lawrence and 
Hendrickson 2005; Lawrence 2008) all genomes, including separate strains for 
the same species, were considered in this analysis.  The NCBI Microbial Whole 
Genome Database includes both Archaea and Bacteria.  It is of note that there 
were no Archaea that satisfied the requirements to be considered a genome with 
strong translational efficiency bias that is relatively independent of GC-content. 
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Figure 3.1: Distribution of Pearson correlation coefficients between organismal 
GC3-content and CAI scores (known as content criteria).  Negative correlations 
indicate that CAI scores are correlated with AT-content.  Positive correlations 
indicate CAI is correlated with GC-content.  The majority of the genomes exhibit 
a correlation between CAI and AT-content.  The average content criterion for 
those organism’s whose CAI is associated with AT-content is -0.32 (σ = 0.12) 
while the average for those associated with GC-content is 0.19 (σ = 0.16).  
Organisms with content criteria greater than the mean for GC and AT content 
criterion are not included in this analysis (to prevent GC(AT)-content from having 
undue influence on the expression prediction capability of CAI).   
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A Marascuillo Procedure [an equal proportions test given multiple 
proportions, (Marascuilo 1966; Marascuilo and Levin 1983)] was performed in 
order to determine whether it is unusual that all organisms with strong GC-
independent translational efficiency bias come from just one of the 16 
represented lifestyles.  The results show that the proportion of organisms with 
strong translational efficiency bias that are aerobic heterotrophs is significantly 
more than expected and that those that are anaerobic heterotrophs is 
significantly less than that which would be expected given the underlying 
proportions in the overall population (all sequenced microbial organisms on NCBI 
for which lifestyle is known; Table 3.2).  The percent of organisms in the overall 
population that are aerobic and anaerobic heterotrophs, respectively, is 71.66% 
and 18.29% (Table 3.2).  However, they make up 100% and 0% of organisms 
with strong translational efficiency bias that is unrelated to GC-content.  These 
percentages are significantly different (p-value = 1.08 x 10-14 and 5.56 x 10-13, 
respectively) from that which would be expected, given equal proportions with the 
underlying population.  The proportions for all other lifestyles are not significantly 
different from expectation. 
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Table 3.2: Count and Proportion of All Organisms Comprising Each Lifestyle 
Metabolic Pathway Count Percent
Aerobic Heterotroph 521 71.66%
Anaerobic Heterotroph 133 18.29%
Aerobic Phototroph 32 4.40%
Facultative Phototroph 16 2.20%
Anaerobic Phototroph 7 0.96%
Microaerophilic 7 0.96%
Anaerobic Chemolithotroph 2 0.28%
Anaerobic Chemoautolithotroph 1 0.14%
Facultative Chemolithoautotroph 1 0.14%
Aerobic Lithotroph 1 0.14%
Aerobic Chemolithoautotroph 1 0.14%
Phototrophic 1 0.14%
Facultative Chemoautotroph 1 0.14%
Anaerobic Photoautotroph 1 0.14%
Methanotroph 1 0.14%
Chemolithoautotroph 1 0.14%  
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3.3.2 Auxotrophy 
Figure 3.2 depicts the distribution for the number of amino acids for which 
the organisms in this study are auxotrophic. 
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Figure 3.2: Distribution of Number of Amino Acids for which Organisms are 
Auxotrophic.  All organisms in this analysis exhibit strong, unconfounded 
translational efficiency bias.  Total organisms in distribution: 73. 
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3.3.3 Overall correlations 
With the exception of seven closely related species (Table 3.3), all 73 
genomes examined (those with strong translational efficiency bias relatively 
independent of GC-content) exhibited a negative and significant correlation 
between average biosynthetic cost and CAI (mean and standard deviation of 
Spearman rank correlation coefficients: µ rS =  -0.21, σ = 0.13).  These 
correlations were taken with auxotrophic amino acids omitted (biosynthesis costs 
are meaningless for these amino acids).   
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Table 3.3: Genomes Exhibiting Positive or Non-significant Trends (Spearman 
Rank Correlations) Between Average Biosynthetic Costs and CAI.  Listing 
Reverse Sorted by rS Values.   
Organism rS p-value
Number 
auxotrophic 
amino acids
Lactobacillus helveticus DPC 
4571
0.30 0.00 13
Lactobacillus reuteri JCM 
1112
0.20 0.00 9
Lactobacillus brevis ATCC 
367
0.10 0.00 13
Lactobacillus plantarum 
WCFS1
0.03 0.08 5
Lactobacillus delbrueckii 
subsp. bulgaricus ATCC 
BAA-365
0.02 0.20 7
Lactobacillus delbrueckii 
subsp. bulgaricus ATCC 
11842
0.02 0.22 8
Lactobacillus casei ATCC 
334
0.01 0.28 5
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3.3.4 Exceptions  
The species for which significantly positive or non-significant trends were 
reported all tend to have an unusually large number of amino acids for which 
they are auxotrophic (Table 3.3).  Additionally, they tend to be auxotrophic for the 
more biosynthetically expensive amino acids (Table 3.4).  This is evidenced by a 
Spearman rank correlation between the count of exception-organisms 
(organisms that have positive or non-significant correlations between average 
biosynthesis cost and expressivity) for which a given amino acid is auxotrophic 
and the cost of that amino acid is rS = 0.38, p-value 0.049.  Also, all but one of 
the organisms are auxotrophic for the least biosynthetically expensive amino acid 
(glu; Table 3.4).   
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Table 3.4: Number of Exception Organisms and Biosynthesis Cost (Aerobic 
Heterotrophic) that are Auxotrophic for Each Amino Acid 
Amino 
Acid
Count of Organisms 
for which this AA is 
Auxotrophic
Biosynthetic 
Cost
glu 6 9.5
gln 0 10.5
pro 3 14.5
ala 1 14.5
gly 3 14.5
ser 0 14.5
asp 7 15.5
asn 0 18.5
arg 0 20.5
thr 2 21.5
cys 1 26.5
his 5 29.0
val 3 29.0
lys 2 36.0
met 1 36.5
leu 7 37.0
ile 4 38.0
tyr 5 59.0
phe 5 61.0
trp 5 75.5
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3.3.5 Amino Acid Usage 
Figure 3.3 illustrates the tendency for the organisms in this study to utilize low 
biosynthetic cost amino acids in highly expressed proteins. 
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Figure 3.3: Amino Acid Usage Behavior.  There is a data-point for each amino 
acid.  Y-axis is the average Spearman rank correlation coefficient for amino acid 
usage vs. CAI.  X-axis is amino acid biosynthetic cost.  Consistent amino acid 
usage would be evidenced by a negative trend [i.e. inexpensive amino acids 
increase (positive rS) with expressivity while expensive amino acids decrease 
(negative rS) with expressivity] 
Aerobic Heterotrophic Cost 
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3.3.6 Usage of Exogenously Acquired Amino Acids 
Similar analysis is difficult for auxotrophic amino acids as there are no 
biosynthetic costs against which to compare the usage trends.  We can, 
however, examine the usage trends by themselves, and perhaps draw some 
conclusions as to the perceived cost to the organisms for each of these amino 
acids (Table 3.5).  An analysis of differential utilization of exogenously acquired 
amino acids in highly expressed vs. weakly expressed genes can be found in 
Tables 3.6 and 3.7. 
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Table 3.5: Auxotrophic Amino Acid Usage Behavior 
Amino 
Acid
µ rS σ rS
Num. 
Orgs
leu -0.39 0.04 7
ser -0.28 0.01 6
cys -0.12 0.01 2
phe -0.11 0.08 7
ile -0.11 0.12 5
trp -0.10 0.03 8
tyr -0.06 0.08 7
his -0.06 0.05 8
thr -0.04 0.06 2
asn 0.00 0.02 7
pro 0.05 0.07 3
val 0.09 0.08 3
ala 0.13 0.06 4
met 0.16 0.00 1
gly 0.18 0.00 3
glu 0.22 0.08 22
lys 0.25 0.14 2
asp 0.27 0.07 21  
µ rS: mean Spearman rank correlation coefficient between amino acid usage and 
CAI when considering only exogenously acquired amino acids.  σ rS: standard 
deviation in Spearman rank correlations.  Num.  Orgs: The number of organisms 
that are auxotrophic for the amino acid in question.  The amino acids are sorted 
by the average Spearman rank correlation scores. 
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Table 3.6: Organisms Exhibiting Preferential Use of Amino Acids for which they 
are Auxotrophic in Highly Expressed Genes 
 
Difference in usage: fraction of amino acids for which the organism is auxotrophic 
in the top quintile minus the fraction of auxotrophic amino acids in the bottom 
quintile of genes when sorted by predicted expression level (CAI).  A positive 
value indicates that these amino acids are utilized preferentially in highly 
expressed genes.  Significance was set at a p-value of 0.05, though it was 
reported at levels of less than 0.05, 0.005, and 0.0005.  *: p-value < 0.005, **: p-
value < 0.0005. 
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Table 3.7: Organisms that Avoid the Use of Amino Acids for which they are 
Auxotrophic in Highly Expressed Genes 
 
Difference in usage: fraction of amino acids for which the organism is auxotrophic 
in the top quintile minus the fraction of auxotrophic amino acids in the bottom 
quintile of genes when sorted by predicted expression level (CAI).  A negative 
value indicates that these amino acids are avoided in highly expressed genes.  
Significance was set at a p-value of 0.05, though it was reported at levels of less 
than 0.05, 0.005, and 0.0005.  **: p-value < 0.0005. 
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3.5 Discussion 
Metabolic efficiency, as a selective force shaping proteomes, has been 
shown to exist in E. coli and B. subtilis (Akashi and Gojobori 2002) and four 
organisms from photoautotrophic and thermophilic lifestyles (Heizer et al. 2006).  
This study attempts to confirm the universality of cost selection by extending the 
analysis to 73 microbial genomes available through the NCBI microbial genomes 
database.  The tendency for highly expressed proteins to utilize less 
biosynthetically expensive amino acids is taken as evidence of this cost 
selection.   
With the exception of seven closely related species (Table 3.3) from the 
lactobacillus genus, all 73 genomes with strong translational efficiency bias (that 
is relatively independent of the effects of GC-content) exhibit a negative and 
significant correlation between average biosynthetic cost and CAI (mean and 
standard deviation of Spearman rank correlation coefficients: µ rS =  -0.21, σ = 
0.13).  This is strong evidence for the universality of selection for the preferential 
utilization of amino acids with relatively low biosynthetic cost in microbial 
organisms.  The correlations were measured with amino acids, for which the 
organisms were auxotrophic, omitted.  Future research should investigate the 
presence of these trends in Archaea and Eukarya.   
The organisms that did not have significant negative correlations were 
among those with the highest degree of auxotrophy (Figure 3.2 and Table 3.3).  
These exception-organisms tend to be auxotrophic for both the most and least 
biosynthetically expensive amino acids (Table 3.4).  In organisms that must 
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synthesize them, these amino acids tend to be the highest contributors to the 
negative trend between expressivity and average biosynthetic cost.   
Another factor obscuring evidence of cost selection in these organisms is 
the tendency for them to avoid the use of a biosynthetically inexpensive amino 
acid (gln, ~PO4 = 10.5, average Spearman rank correlation between amino acid 
usage of gln and CAI for the seven organisms rS = -0.27, σ= 0.08).  It has been 
shown that gln has strong growth-promoting properties for some lactic acid-
producing organisms (Pollack and Lindner 1942; van der Kaaij et al. 2004).  
Perhaps its role in promoting growth is more important to the organism than the 
selective advantage afforded by biosynthetic cost savings.  Glutamate (an amino 
acid for which six of these exception organisms are auxotrophic) is a precursor 
for glutamine, and could be forming a bottleneck for glutamine synthesis since 
glutamate is preferentially utilized in highly expressed genes.  Even though these 
lactic acid bacteria live in nutrient rich environments (Makarova et al. 2006; 
Schroeter and Klaenhammer 2009), the need for exogenously acquired 
glutamate in high-expression proteins could be putting pressure on the 
organisms to avoid its use in the synthesis of glutamine. 
In calculating biosynthetic costs, it was necessary to remove from 
consideration amino acids for which the organisms were auxotrophic (since they 
are not synthesized by the organism and would, therefore, be influenced by a 
different set of selective factors than biosynthetic cost).  This provided an 
opportunity to examine the treatment of exogenously supplied amino acids.  
Generally, the amino acids for which organisms are auxotrophic, are 
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preferentially utilized in highly expressed genes (Tables 3.6 and 3.7; all but four 
organisms exhibited positive and significant or non-significant differential usage).  
This is in keeping with the current understanding that usage of amino acids that 
are supplied exogenously provide an increase in fitness due to the avoidance of 
energy expenditure for de novo amino acid biosynthesis (Kim and Levy 2008).  
Even in organisms where the availability of environmentally provided amino acids 
is inconsistent, the selective advantage for auxotrophs during “boom” periods 
may outweigh the disadvantages during times of “bust.” The intense competition 
during the boom periods would be favorable to auxotrophs (in the form of 
biosynthesis-related energy savings) while it is likely that all organisms would 
suffer during periods low environment amino acid availability.   
It is noteworthy that four out of the top five organisms exhibiting avoidance 
(rather than the more common preferential usage) of non-synthesized amino 
acids are lactobacilli that show avoidance (or no trend) of biosynthetically 
inexpensive amino acids, in general (Table 3.3).  In the few instances where 
organisms exhibit a tendency of avoiding exogenously supplied amino acids (in 
highly expressed genes) the phenomenon may be explained by the timing of the 
pathway loss.  It seems likely that the loss of a particular pathway will provide a 
selective advantage only if the cost of obtaining the amino acid from the 
environment is less than the cost of synthesis.  It also seems likely that this will 
be true for amino acids already showing avoidance.  If this loss of pathway 
happened relatively recently in evolutionary time, the selective advantage 
associated with increased usage may not yet have had a chance to emerge.  
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Alternatively, if the mutation leading to auxotrophy occurred in a gene encoding 
an enzyme for a reaction late in the biosynthetic pathway, it may have only 
slightly reduced the metabolic cost to the organism.  The associated increase in 
fitness may be so slight and the time before evolutionary advantage can be 
observed greatly increased.  These organisms (those that exhibit the unusual 
tendency of avoiding those amino acids for which they are auxotrophic) are 
pathogens and organisms utilized in the food industry, and all of which have 
adapted to environments rich in proteins where the availability of exogenous 
amino acids is plentiful.  Those with the more expected preferential utilization are 
generally free living, though there are pathogen and food industry 
representatives in the mix, as well. 
A side benefit of this analysis was the determination of which organisms 
exhibit strong translational efficiency bias.  Of the 803 genomes that currently 
reside on NCBI's microbial genome database, 180 exhibit strong translational 
efficiency bias.  Of these, 73 are relatively independent of the effects of GC-
content.  Ribosomal criteria for the dominant bias (average adherence score of 
ribosomal protein coding genes in standard normal form) is positive in 79% of all 
organisms, and greater than one standard deviation above the average for the 
genome in 50% of all sequenced microbial organisms.  Organisms that exhibit 
strong, unconfounded by GC-content, translational efficiency bias, are 
comprised, entirely, of aerobic heterotrophs.  This is significantly different from an 
expected random composition given the distribution of lifestyles in the underlying 
population (Marascuillo equal proportions test given multiple proportions: 
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p-value = 1.08 x 10-14 and a p-value = 5.56 x 10-13 for the absence of any 
anaerobic heterotrophs). 
While the analysis was performed on only 73 of the 803 whole microbial 
genomes available at the time of this study (the subset of organisms for which 
expression rates could confidently be predicted), the consistency with which the 
highly expressed genes tend to preferentially utilize less biosynthetically 
inexpensive amino acids is compelling.  All but one small group of closely related 
organisms show a negative and significant correlation between expressivity and 
biosynthetic cost (Table 3.3), and the small number of exception organisms are 
unusual in that they have a large number of exogenously acquired amino acids 
(Table 3.3 and Figure 3.2), they are utilized in the food industry, and have likely 
undergone human-directed breeding and/or genetic engineering.  This large-
scale analysis of microbial genomes provides clear evidence of the existence 
and universality of metabolic efficiency as a selective force shaping proteomic 
composition. 
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Chapter Four 
4.  Amino Acid Perceived Cost 
4.1 Introduction 
Amino acids are the building blocks of life.  Maintaining a supply of the 
amino acids in the correct amounts and at the right time is essential for normal 
growth.  If amino acids are not available to an organism the organism may be 
unable to create essential proteins in sufficient quantity or time.  This can result 
in slowed growth and decreased ability to compete (Graf and Ruby 1998). 
Given that the energy expended to biosynthesize amino acids varies 
considerably, ranging from 9.5 (glutamate) to >74 (tryptophan) high energy 
phosphate bonds (~PO4) (Akashi and Gojobori 2002) and that energy availability 
commonly limits prokaryotic growth, it is reasonable that natural selection would 
favor substitutions that resulted in the utilization of less energetically costly amino 
acids where possible.  Manifestation of such a substitution bias should be 
greatest in highly expressed genes in much the same way that adherence to 
codon usage biases tend to be greatest in genes that are expressed at high 
levels (Grantham et al.  1980; Grantham, Gautier and Gouy 1980; Ikemura 
1981a; Kanaya et al.  1999; Lafay, Atherton and Sharp 2000; dos Reis, Wernisch 
and Savva 2003).  Indeed, Akashi and Gojobori (2002) have demonstrated that 
genes that adhere to organismal codon usage biases most strongly (and, by 
inference, are most highly expressed) tend to incorporate lower cost amino acids 
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in Escherichia coli and Bacillus subtilis.  A study that confirmed the work of 
Akashi and Gojoboi (2002), (Heizer et al.  2006) also examined the way that 
auxotrophic amino acids were utilized in two organisms: Chlamydia trachomatis 
and Chlamydophila pneumoniae.  Interestingly, one, Chlamydia trachomatis, 
preferentially utilized amino acids it could not synthesize itself while the other, 
Chlamydophila pneumoniae, avoided their use in highly expressed genes.  This 
disparity in usage raises questions about the cost of utilizing these amino acids.  
It is possible that the cost of the amino acid is associated with its availability in 
the environment or how the organism facilitates uptake of the amino acid.  Amino 
acid usage in highly expressed genes has been show to be correlated with the 
cost of producing the amino acid (Akashi and Gojobori 2002; Heizer et al.  2006).  
Frequently used amino acids, especially in highly expressed genes, tend to have 
low biosynthetic costs.  Knowing the perceived cost of an amino acid may also 
provide insight into the environment in which an organism is found.  These 
correlations can also tell us something about the environmental availability of 
these amino acids and the form in which the organism receives them.  If the 
amino acids were rare it is unlikely that the organisms would use them in proteins 
needed in high concentrations.   
Proper understanding of the cost of auxotrophic amino acids could also 
increase understanding of the dominant lifestyle of the organism.  Many bacteria 
are facultative (able to live aerobically and anaerobically).  Understanding 
perceived cost might increase knowledge of preferential lifestyle by determining 
which set of costs most closely reflects the organism’s perception of cost.  It is 
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possible that proper understanding of perceived cost may help to understand 
when certain amino acids are produced and under what conditions. 
Examination of auxotrophic mutants of Vibrio fischeri has raised 
interesting questions (Graf and Ruby 1998).  These bacteria are responsible for 
the luminescence of some squid species and live in close association with them.  
Nine mutants that were each auxotrophic for a single amino acid were found to 
have slower growth rates than the wild type bacteria but were able to obtain the 
needed amino acids from their host.  The absence of free amino acids in the 
space these bacteria live led to the conclusion that either the free amino acids 
are used too quickly to measure or they are presented to the bacteria as peptides 
(Graf and Ruby 1998).  Uptake of amino acid precursors in peptidal form could 
cause a change in cost relative to other uptake pathways.  Many prokaryotic 
proteases are ATP-dependent and thus could cause the perceived cost of these 
amino acids to increase (Chung et al.  1997). 
Reliance upon multiple lifestyles can also make inferring amino acid 
biosynthetic costs challenging.  A recent paper (Raiford et al. 2008) explored 
amino acid biosynthetic costs in Saccharomyces cerevisiae.  This organism can 
live in both aerobic and anaerobic environments – each with significant 
differences in the energetic cost of amino acid biosynthesis.  For example, 
producing tryptophan aerobically costs 75.5 ATP but anaerobic biosynthesis 
costs only 14 ATP (Wagner 2005).  The cost varies so greatly because 
intermediate molecules cannot be reduced to produce energy under anaerobic 
growth conditions.  Three amino acids (valine, glycine, and alanine) were largely 
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responsible for an observed correlation between amino acid biosynthetic cost 
and codon adaptation index (CAI) scores (Raiford et al. 2008) and raise the 
question “Is the observed correlation is truly based upon these three amino acids 
or is it possible that the accepted energetic costs for the amino acids are not 
accurate?”  With the multiple lifestyles in facultative organisms and two sets of 
costs for each amino it is possible that neither cost is truly correct. 
Amino acids are generally used in a manner consistent with biosynthetic 
cost.  Serine appears to be an exception to this general trend.  The cost of 
producing serine is 11.7 ~P and yet the usage of serine is avoided in highly 
expressed genes.  This avoidance indicates that the cost of using serine is higher 
than the calculated biosynthetic cost indicates.  The reason for this avoidance is 
not known. 
Here I evaluate a method for identifying the perceived cost of amino acids.  
The overall approach taken is to determine a correlation between the usage of 
each amino acid expressivity as determined by CAI.  The calculated correlations, 
of the 19 amino acids with known costs, are then utilized to determine a linear 
regression.  Next, the usage of amino acid of interest is utilized to determine the 
perceived cost to the organism (based upon the previously determined 
regression prediction). 
4.2 Materials and Methods 
In order to ensure that CAI is a good predictor of expressivity, genomes 
were chosen that exhibit characteristics consistent with genomes known to 
exhibit strong translational efficiency bias (Carbone, Képès and Zinovyev 2005).  
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Highly expressed genes that are much more highly biased than the rest of the 
genome (strength of bias) as well as bias adherence scores that are relatively 
free of the effects of GC-bias are such characteristics (Carbone, Képès and 
Zinovyev 2005). 
The dominant bias is identified utilizing the algorithmic approach proposed 
by Carbone et al. (2003) and measures described in are utilized to determine the 
dominant bias's strength (strength criterion), relationship to GC-bias (content 
criterion), and whether it is characteristic of translational efficiency (meaning it 
will be a good predictor of expressivity; ribosomal criterion).  Codon adaptation 
index was utilized as a proxy for expressivity (Sharp and Li 1987).   
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Table 4.1: Gene Culling Numbers 
 
Note: Number of genes is the number of genes before any culling takes place.  
HGTS is the number of genes removed due to horizontal transfer.  Short is the 
number of genes removed due to being less than 100 codons in length.  
Paralogs is the number of genes removed due to having a paralog in the 
genome.  Final number is the number of genes left after culling is complete. 
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Annotated files containing complete genomic information were 
downloaded from http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi.  Genomes 
were then culled to remove non-native genes (see table 4.1 for gene numbers).  
Genes with less than 100 codons were removed from consideration to minimize 
sampling effects and potential length biases (Eyre-Walker 1996).  Any gene 
identified as a candidate for horizontal transfer was removed using techniques 
developed by Garcia-Vallve et al.  (2003) as they may not reflect the codon-
usage bias of the organism (dos Reis, Wernisch and Savva 2003; Garcia-Vallve 
et al.  2003). 
Genomes were also searched for paralogous loci.  Unfiltered BLAST 
(http://www.ncbi.nlm.nih.gov/BLAST/) searches were used to determine 
paralogs.  Proteins with greater than 60% amino acid identity over a stretch of 
more than 60 amino acids were considered to be paralogous.  Only one gene 
from each paralogous set was kept in the final data set. 
Amino acid biosynthetic costs were determined using the methods 
devised by Craig and Weber (1998), and by Akashi and Gojobori (2002).  The 
costs are determined by adding the amount of energy in the specific biosynthetic 
pathway required to produce an amino acid to the amount of potential energy 
lost.  The costs are measured in high energy phosphate bonds (~P).  The 
average cost per amino acid for each protein was determined by adding up the 
cost of the constituent amino acids and dividing by the number of amino acids. 
BLAST searches were performed on the whole proteome of each 
organism to determine amino acid production capability.  For this step all genes 
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were examined (not just those native to the genome).  Enzymes involved in 
amino acid production from the E. coli genome were used as benchmarks.  If a 
protein in the organism being considered exhibited at least 20% identity to the 
amino acid production proteins from E. coli with an e-score of 0.01 it was 
determined to be a match.  If more than 50% of a pathway was absent it was 
concluded that the organism was auxotrophic for that amino acid.  Only 
organisms that were auxotrophic for a single amino acid were used in this study. 
A Spearman rank correlation coefficient (Spearman 1904) is computed 
between amino acid usage and CAI values for the genes in each of the 
organisms within the study.  The threshold for significance is set at α = 0.05. 
The Spearman rank correlation coefficients for each amino acid were 
graphed against production cost.  A linear regression was then determined and 
the equation of the line was determined.  The Spearman rank correlation 
coefficient for each amino acid was then plugged into the equation and the 
equation was solved for cost.  A leave-one-out analysis was performed to allow 
an average cost and standard deviation to be calculated. 
4.3 Results 
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Table 4.2 – Auxotrophic Amino Acid Usage 
 
rs – whole genome Spearman rank correlation coefficient.  AA – Amino acid for 
which the organism is auxotrophic.  Cost – amino acid biosynthetic cost.  AA rs – 
correlation between usage and CAI for the AA.  Average Cost – average 
calculated cost of the auxotrophic amino acid based upon leave-one-out 
analysis.  Standard Deviation – standard deviation of the average cost based 
upon the leave one out analysis. 
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4.3.1 Auxotrophic Perceived Cost 
 A correlation between amino acid usage and CAI was calculated for each 
organism.  The auxotrophic amino acids were found to be used preferentially in 
highly expressed genes with correlations ranging from 0.02 to 0.33 (Table 4.1).  
The calculated costs are negative in all organisms except Acinetobacter 
baumanii and Shewanella amazonensis.  The four Vibrio sp. in the study are all 
auxotrophic for glutamic acid with a calculated cost ranging from -44.63 to -
185.05 (~P).  In the three species auxotrophic for asparagine costs ranged from 
20.36 to -20.86 (~P).   
91 
 
Table 4.3 – Calculated Cost of Serine 
 
rs – whole genome Spearman rank correlation coefficient.  Average Cost – 
average calculated cost of serine based upon leave one out analysis.  Trp Cost – 
calculated cost of tryptophan. 
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4.3.2 Serine Perceived Cost 
 The calculated cost of serine in these organisms ranges from 74.56 to 
187.98 (Table 4.1) while the calculated cost of tryptophan ranges from 49.95 to 
515.53.  In seven of the thirteen organisms examined the calculated cost of 
serine is greater than that of tryptophan.  Shewanella sp. and Shigella sp. are the 
only bacteria in this study in which tryptophan has a higher calculated cost than 
serine. 
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Figure 4.1 – Linear regression between amino acid Spearman rank correlation 
and amino acid biosynthetic cost.  rs – correlation between amino acid usage and 
CAI.  Cost – amino acid biosynthetic cost. 
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Shewanella amazonensis SB2
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Figure 4.2 – Linear regression between amino acid Spearman rank correlation 
and amino acid biosynthetic cost.  rs – correlation between amino acid usage and 
CAI.  Cost – amino acid biosynthetic cost. 
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4.4 Discussion 
 Linear regression appears to be unsuitable (at least for the organisms in 
this study) for the determination of perceived amino acid cost.  The calculated 
costs that result for the auxotrophic amino acids are, with two exceptions 
(Acinetobacter baumannii ATCC 17978 and Shewanella amazonensis SB2B), 
negative.  It is difficult to conceive of a means by which the usage of auxotrophic 
amino acids gives an energetic advantage to an organism (as implied by a 
negative predicted cost).   
The opposite end of this spectrum is seen when examining the perceived 
cost of the amino acid serine.  In each of the thirteen organisms the perceived 
cost of serine is found to be higher than the calculated cost of serine 
biosynthesis.  This is a reasonable expectation based upon the correlation 
between serine’s usage and CAI.  However based upon the results seen in the 
auxotrophic portion of this study it is unlikely that these costs are truly reflective 
of the cost of serine utilization to the organism.  The results seen in both the 
auxotrophic and serine portions of this study are likely due to the weak, yet 
significant, correlations seen between amino acid usage and CAI scores.  
Figures 4.1 and 4.2 show the linear regression lines for each organism.  The data 
points on the graph do not show a strong trend and are diffuse.  This results in 
shallow slopes for the linear regression line, which in turn makes any strong 
correlation between amino acid usage and CAI result in extreme values for cost.  
This can be seen most easily for tryptophan in Shewanella sp. W3-18-1.  The 
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average calculated cost of producing tryptophan in this organism is found to be 
515.53 ~P with a standard deviation of 1,222.62 ~P.  This is nearly 8-fold higher 
than the calculated cost of producing tryptophan via the amino acid biosynthetic 
pathways and has a standard deviation over two-fold greater than the average 
calculated cost.  This result demonstrates the amount of noise that is present in 
these data sets and why this method is unlikely to yield an accurate perceived 
cost. 
 
It is possible that linear regression could work to determine perceived cost 
if an organism with the correct traits was analyzed.  This model organism would 
most likely need to be afast growing organism as these organisms tend to 
strongly exhibit translational efficiency so that amino acid usage and cost are 
highly correlated.  It would also need to have a large effective population size in 
order to overcome the effects of genetic drift as the selective force for metabolic 
efficiency is weak.    In chapter three, 73 organisms were examined and the 
correlation between average amino acid biosynthetic cost and CAI was 
determined.  The average correlation for these 73 organisms was -0.21.  This 
average correlation is weak and makes it unlikely that any of these organisms 
would be the ideal organism needed in order to determine perceived cost utilizing 
linear regression.  The organisms chosen for this portion of the study exhibited a 
wide range of correlations between amino acid usage and cost, ranging from       
-0.13 (Vibrio cholerae O395) to -0.36 (Vibrio fischeri ES114).  Even in the 
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organism exhibiting the strongest correlation, which was well above the mean, 
does not result in a biologically relevant answer.   
While linear regression appears to be unable to solve the issue of 
perceived cost, other approaches still might be able to effectively determine the 
perceived cost of amino acids to an organism.  Figure 2.3 shows average 
Spearman rank correlation coefficient for amino acid usage vs. CAI graphed 
against amino acid biosynthetic cost.  A classifying algorithm might allow 
perceived cost to be calculated from this data.  Examining the efficacy of a 
clustering algorithm on a fast growing organism such as V. fischeri, that also 
exhibits one of the strongest correlations between amino acid cost and CAI might 
result in a better understanding of perceived cost.  In future studies I hope to 
attempt this method.  
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Chapter Five 
5.  Amino Acid Cost and Conservation 
5.1 Introduction 
Some positions within a protein’s amino acid sequence are critical to the 
function of the protein and cannot be replaced without significant deleterious 
consequences (Suckow et al. 1996; Smith and Raines 2006).  Conservation 
analysis has been shown to be a reliable method for identifying such functionally 
important amino acids.  Residues involved in ligand binding (Magliery and Regan 
2005; Liang et al.  2006), protein-protein interactions (Caffrey et al.  2004; 
Guharoy and Chakrabarti 2005; Mintseris and Weng 2005), and structure 
stabilization (Karlin and Brocchieri 1996) have all been associated with 
conserved positions in homologous protein sequences.  Non-synonymous 
substitutions occur most often in areas of less functional and structural 
importance.  Approximately 44% of the more than 300 amino acids of the lac 
repressor gene in prokaryotes were found to be tolerant to substitution in that 
non-synonymous substitutions in these positions did not result in a measurable 
change in the activity of the resulting peptide (Suckow et al.  1996).  A similar 
study of ribonucleases found that less than 5% of 124 positions were completely 
intolerant of substitutions while approximately 80% were tolerant to substitution 
(Smith and Raines 2006). 
The energy-cost of producing an individual amino acid ranges from 9.5 
(glutamate) to 75.5 (tryptophan) high-energy phosphate bonds (~P) (Craig and 
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Weber 1998; Wagner 2005).  Escherichia coli and Bacillus subtilis have both 
been shown to exhibit metabolic efficiency in that they preferentially utilize amino 
acids with low average biosynthetic costs in genes with high levels of expression 
(Akashi and Gojobori 2002).  No single subset of amino acids or functional 
category of proteins was found to be responsible for this trend (Akashi and 
Gojobori 2002, Heizer et al. 2006).  A subsequent study that included four 
additional prokaryotes (two parasitic organisms, one thermophilic organism, and 
a photoautotroph) similarly found a negative correlation between expressivity and 
average amino acid biosynthetic cost (Heizer et al.  2006).  Indications of 
metabolic efficiency have even been found in a unicellular eukaryote 
(Saccharomyces cerevisiae) despite the difficulties in identifying the 
consequences of weak selective forces in organisms with relatively small 
effective population sizes (Raiford et al.  2008). 
Functional constraint could make amino acid biosynthetic cost a 
secondary consideration in the evolution of a protein’s amino acid sequence.  
However, functionally constrained positions within proteins appear to be much 
less common than those where alternative amino acids can be tolerated (Suckow 
et al.  1996).  If there is a selective advantage to be gained by utilization of less 
costly amino acids, one might expect the effect to be more readily observed at 
positions that are under the least functional and structural constraint.  To assess 
this relationship, amino acid sequence information from 9,119 homologous 
proteins in human, dog, mouse, and cow were evaluated to determine the extent 
to which amino acid biosynthetic cost is correlated with evolutionary 
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conservation.  The presence or absence of CpG islands (Aerts et al.  2004) 
upstream of the coding genes was also used as an indicator of broad/high 
expressivity.  Broadly expressed and tissue/condition-specific proteins were 
analyzed separately to determine the extent to which there was a difference 
between in average amino acid biosynthetic cost these classes. 
5.2 Materials and Methods 
5.2.1 Gene Acquisition 
 Homologous protein coding loci (10,954) common to human (Homo 
sapiens), mouse (Mus musculus), dog (Canis lupus familiaris), and cow (Bos 
taurus) were obtained using homologene (NCBI 2009b).  The nucleotide (CDS) 
and protein sequences associated with these genes were then downloaded from 
NCBI.  If a homologous sequence was shorter than 100 amino acids in length in 
any of the four organisms the locus was removed (206 out of 10,954). 
5.2.2 Sequence Acquisition and Alignment 
 Multiple alignments of the proteins were created utilizing COBALT (NCBI 
2009c).  Any alignments where at least one protein was comprised of more than 
30% gaps were removed from the study (1,611 out of 10,748).  In addition any 
proteins that could not be aligned using the default settings of COBALT were 
discarded (18 out of 9,137) leaving 9,119 proteins of the original 10,954 for 
analysis. 
 Individual amino acid biosynthetic costs used were those calculated by 
Wagner (2005).  For each position in the alignment a weighted amino acid cost 
(weighted cost) was calculated.  This was done by dividing the number of times 
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an amino acid was used by four (the total number of amino acids in each 
position).  This weight was then multiplied by the cost of the amino acid.  This 
results in the biosynthetic cost of an amino acid that is used more frequently in a 
position having a larger effect on the calculated weighted cost of that position.  A 
geometric mean of the weights (with the root being the number of different amino 
acids in a position) was then calculated to determine average weighted cost in 
single positions.  As the biosynthetic “cost” of a gap is difficult to assign, positions 
in alignments with one or more gaps were disregarded.  Positions in the 
alignment were placed into one of five classes based upon the number of 
different amino acids present in that position in the four-deep alignment.  Class I 
positions are those where all four amino acids are the same.  Class IIa positions 
have two different amino acids, one of which is used three times and the other of 
which is used once.  Class IIb positions also have two different amino acids, 
each of which is used two times.  Class III positions have three different amino 
acids and Class IV positions have four different amino acids.  The number of 
times each of the twenty amino acids was utilized in each specific class was also 
tallied. 
 Proteins were rank ordered according to degree of conservation (percent 
of total amino acid positions falling into Class I).  The deciles with the highest and 
lowest percent of amino acids in Class I were analyzed to determine the average 
weighted cost in single positions in each class.  Average weighted cost of the 
amino acids (average weighted amino acid cost) for each of the 9,119 proteins 
were calculated by summing the weighted costs for each position within the 
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protein’s four-deep alignment and dividing by the number of positions in the 
protein’s alignment at which there were no gaps.  Proteins were rank-ordered by 
average amino acid biosynthetic cost and then placed in 20 bins each containing 
5% of the total number of proteins for visualization purposes. 
Nucleotide alignments for determining synonymous and nonsynonymous 
substitution rates were generated using the protein alignment as a guide with a 
custom script.  SNAP (Nei and Gojobori 1986) was utilized to determine the 
substitution rate associated with those alignments. 
5.2.3 CpG Content and Protein Biosynthetic Cost 
  Regions flanking the transcriptional start site (±400 nucleotides) of 
4,643 of the 9,119 human genes being evaluated were also available on BioMart 
(Ensembl 2010).  The number of CpG dinucleotides within these 800 nucleotides 
was counted and the average amino acid biosynthetic cost (including the first 
methionine but not the stop codons) for each of these 4,643 human proteins was 
determined.  Average amino acid biosynthetic cost for these human proteins was 
calculated by summing the cost for each of the amino acids in the protein, as 
calculated by Wagner (2005), and dividing by the length of the protein.  GC3 
content was also determined by examining the third codon position of the 9,119 
human genes. 
 
5.2.2 Statistical Analyses 
For each of the five conservation classes a Spearman rank correlation 
(Spearman 1904) was calculated between amino acid usage frequency and 
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calculated amino acid biosynthetic cost (Wagner 2005).  Spearman rank 
correlations were also calculated between amino acid usage frequency and 
PAM100 diagonal values (i.e., relative mutability).  PAM100 was chosen because 
of the high average similarity of the protein sequences due to their sharing a 
common ancestor at the time of the mammalian radiation between 100 and 80 
million years ago (Hallstrom and Janke 2010).  Average weighted costs in single 
positions were determined for all five classes of positions within the four-deep 
alignments.  Significant differences in average weighted costs in single positions 
among classes were identified using (two-sample, unpaired, unequal variance) T-
tests.  The Spearman rank correlation coefficient was also calculated between 
average amino acid biosynthetic cost for a protein and: CpG content; GC3 
content; ds; dn; and ds/dn of the gene encoding that protein.  The threshold of 
significance for all tests was α = 0.05. 
 In order to ensure that observed changes in average weighted cost in 
single positions were due to functional constraint rather than sampling artifacts, a 
bootstrap method was devised to generate the baseline cost distribution for 
different degrees of conservation.  One thousand human genes from the dataset 
of 9,119 genes were chosen at random.  For each of these 1,000 genes three 
mutants in which 20% of the amino acids had been substituted were created 
using EMBOSS 3.  The original protein and the altered versions were then 
aligned and the correlation analyses between conservation class and weighted 
cost were performed upon this test set of proteins.  Differences in average 
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weighted costs in single positions between the artificial dataset and the original 
data were evaluated using (two-sample, unpaired, unequal variance) T-tests. 
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Table 5.1 – Amino Acid Usage in Positions Based on Variability within 9,119 
homologous proteins 
 
Cost is the biosynthetic cost, in number of high-energy phosphate bonds, for the 
amino acid.  Class is the number of different amino acids at each position.   
Within class the usage of each amino acid in that class is shown.  % of total is the 
percent usage of each specific amino acid.  PAM100 and PAM250 are the PAM 
matrix values (Dayhoff 1978).  Spearman rank correlations coefficients and 
associated p-value are also shown.   
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5.3 Results 
5.3.1 Amino Acid Usage and Cost in Different Conservation Classes 
Amino acids with the highest biosynthetic costs were least commonly used 
regardless of how well conserved a position was within the four-deep alignment 
[i.e. statistically significant negative correlations, p<0.05, between amino acid 
cost (Wagner 2005) and amino acid usage were found in all classes] (Table 5.1).  
Amino acid usage and PAM100 diagonal values were also significantly 
negatively correlated for each of the five classes.  The weakest correlation 
between amino acid usage and cost (-0.42) was seen in Class IIa, with 
correlations in the other classes ranging from -0.50 (Class IIb) to -0.55 (Class I 
and Class III).  Similarly, the weakest correlation between amino acid usage and 
PAM100 (-0.67) was seen in Class I.  Correlations in the other classes ranged 
from -0.71 (Class IIa) to -0.73 (Class III). 
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Table 5.2 – Average Amino Acid Cost in Each Class 
Class Avg Cost All StDev Avg Cost First Decile Avg Cost Last Decile Avg Cost Test
I 25.93 14.97 25.83 26.34 25.54
    IIa 15.89 6.06 15.39 16.28 16.47
    IIb 14.85 6.61 14.58 15.19 15.88
   III 9.07 2.90 9.15 9.19 9.84
   IV 5.38 1.27 5.36 5.40 5.88  
Class is the number of different amino acids at each position.  Avg cost all is the 
average amino acid biosynthetic cost for each class when all proteins are 
considered.  StDev is the standard deviation of Avg Cost All.  Avg cost first decile 
is the average cost of the 10% with the highest number of class I positions.  Avg 
cost last decile is the average cost of the 10% of proteins with the fewest number 
of class I positions.  Avg cost test is the average cost for each class in the test 
set.   
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Figure 5.1 – Fraction of positions within a protein falling into Class I (perfectly 
conserved across all four mammalian orders) versus the average weighted cost 
across all positions within a single protein  (average of the weighted costs of the 
individual amino acids across an entire protein).  Each data point represents the 
average for a bin (ranked by average weighted cost across all positions within a 
single protein (~P)) containing 1/20th of the 9,119 proteins analyzed in this study.   
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Comparison of invariable to variable positions shows that variable positions 
utilize less biosynthetically expensive amino acids than would have occurred by 
chance alone while invariable positions utilize more costly amino acids.  A 
positive (rs=0.38; p<0.05) correlation is seen between average weighted cost 
across all positions within a single protein and degree of conservation (Figure 
5.1). 
Class IV had an average weighted cost in single positions of 5.36 high 
energy phosphate bonds for the amino acids used in this group whereas Class I 
had an average weighted cost in single positions of 25.83 ~P.  However, it is 
important to note that distribution of possible average weighted cost in single 
positions among the five conservation clases are not equivalent.  The weighted 
cost for Class I can range between 9.50 (if all positions were glutamate) and 
75.50 high energy phosphate bonds (if all positions were tryptophan).  Class IV 
positions have a more limited range between 3.01 (glutamine, glutamate, alanine 
and glycine) and 14.17 ~P (tryptophan, phenylalanine, tyrosine, and isoleucine).  
In order to determine the extent to which this sampling constraint affects 
weighted cost measurements,1,000 proteins were selected at random to 
establish a null distribution.  Each of these proteins was mutated three times, 
resulting in a 4-deep alignment in which each mutant differed from the original in 
approximately 20% of their positions.  The resulting 1,000 4-deep alignments 
were found to yield an average weighted cost in single positions for Class I of 
25.54 ~P (Table 5.2).  The average weighted cost in single positions for Class I in 
the original data (25.83 ~P) is significantly higher (p<0.05) than the value 
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obtained for the simulated datatset.  In each of the other classes significantly 
lower (p<0.05) average weighted costs in single positions are observed in the 
actual data than in the simulated data set.  The average number of positions in 
each class was similar for the original data (Class I: 454.6, IIa: 11.1, IIb: 71.1, III: 
21, and IV: 3) and the synthetic data (Class I: 386.5, IIa: 10.8, IIb: 161.3, III: 28.3, 
and IV: 1.8). 
 In order to determine whether the observed trends in amino acid usage 
were the same regardless of overall gene conservation, the genes were 
separated into deciles based upon the fraction of their amino acids observed in 
Class I positions.  The average weighted cost in single positions for each of the 
five conservation classes was determined for the decile containing the most 
conserved genes (average fraction of Class I positions of proteins in the top 
decile 97.29% ± 1.46) and the decile comprising the least conserved genes 
(average fraction of Class I positions of proteins in the last decile 42.37% ± 8.46).  
The results seen were very similar to those found when all genes are considered 
(Table 5.2). 
5.3.2 Protein Cost and Substitution Rate 
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Table 5.3 – Correlation Between Cost and Substitution Measures and GC3 
Content 
 
rs p -value
Cost vs. ds -0.21 2.27x10
-91
Cost vs. dn -0.43 0.00x10
+00
Cost vs. ds/dn 0.40 0.00x10
+00
Cost vs. GC3 -0.18 5.58x10
-69
 
Cost vs.  ds is the correlation between average amino acid biosynthetic cost and 
synonymous substitution rates.  Cost vs. dn is the correlation between average 
amino acid biosynthetic cost and non-synonymous substitution rates.  Cost vs. 
ds/dn is the correlation between average amino acid biosynthetic cost and 
synonymous to non-synonymous ratio.  Cost vs. GC3 is the correlation between 
average amino acid biosynthetic cost and GC3 content of the human genes. 
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A statistically significant negative correlation (-0.21; p<0.05) was seen 
between synonymous substitution rate and non-synonomous substitution rate 
and average weighted cost across all positions within a single protein (Table 5.3).  
A significant positive correlation (0.40; p<0.05) between average weighted cost 
across all positions within a single protein and the ratio of synonymous to non-
synonymous substitutions was also observed (Table 5.3). 
5.3.3 Human CpG Content 
The regions flanking the human transcriptional start site (TSS) (for the 
4,643 human genes where 400 bp of the upstream and downstream sequence 
was available) were found to have a bi-modal distribution in terms of the number 
of CpG dinucleotides they contain.  This distribution effectively allows the division 
of human genes into two classes; genes with high CpG content (presumably 
those that are more highly/broadly expressed) and genes with low CpG content 
(presumably those that are less highly expressed) (Aerts et al.  2004).  Genes 
with an intermediate number of CpGs in their upstream sequence (genes having 
between 21 and 36 CpG’s) were removed from consideration.  The remaining 
3,359 human genes with greater than 36 CpG’s within the 800 bp around the 
TSS were considered to be associated with CpG islands, and the 910 genes with 
less than 21 CpG’s were considered to not be proximal to a CpG island.  The 
average amino acid biosynthetic cost of the proteins for the population of CpG 
island-associated human genes (25.2 high-energy phosphate bonds) was found 
to be significantly different from the average cost of those that were not CpG 
island-associated (25.8 high-energy phosphate bonds; p=5.7E-18). 
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Table 5.4 – Genes in Each Quintile When Ranked by Ascending Average Amino 
Acid Biosynthetic Cost 
 
Quintile <21 >36 Avg Cost
1 144 696 22.72
2 134 728 24.37
3 159 700 25.34
4 192 668 26.23
5 281 568 27.93
 
Human genes were rank-ordered by ascending average amino acid biosynthetic 
cost and divided into quintiles.  <14 is the number of genes in that quintile 
containing less than 14 CpG’s.  >22 is the number of genes in that quintile 
containing more than 22 CpG’s.  Avg Cost is the average cost of the genes in 
each quintile. 
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The 4,643 human genes were rank-ordered by ascending average amino 
acid biosynthetic cost (Table 5.4).  In the first quintile (containing the human 
genes with the lowest average amino acid biosynthetic costs) the majority of the 
genes (82.90%) were found to be associated with CpG islands whereas in the 
fifth quintile only 66.90% of the genes were associated with CpG islands.  A 
weak but significant correlation of -0.14 (p<0.05) was found between number of 
CpGs and average amino acid biosynthetic cost. 
5.4 Discussion 
The results of selection favoring the utilization of amino acids with 
comparatively low biosynthetic costs has been found in all domains of life (Swire 
2007).  Usage of biosynthetically inexpensive amino acids in proteins allows 
organisms to reduce energy expenditure, possibly resulting in greater fitness, 
particularly during times when energy is not readily available.  This trend is 
demonstrated by the general avoidance of amino acids with relatively high 
biosynthetic costs within homologous proteins in all four mammalian orders 
included in this study regardless of how variable or well conserved a position was 
within a four-way alignment (Table 5.1). 
Despite its universality, metabolic efficiency is a relatively weak selective 
force that is easily obscured by other influences such as functional constraint 
(Raiford et al. 2008) which can vary substantially across the length of a protein 
(Pond and Frost 2005).  Negative correlations between amino acid usage and 
amino acid biosynthetic cost in each class are consistent with a tendency for 
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mammals to use preferentially biosynthetically inexpensive amino acids (Table 
2).  
Approximately 81% of the amino acids examined in this study are invariant 
in the four mammalian orders for which sequence information is available.  
Exhaustive point mutagenesis studies (Suckow et al.  1996; Smith and Raines 
2006) suggest that it is unlikely that such a large fraction of the amino acid 
positions are critically important to the function of the protein.  Rather, a 
substantial majority of the positions in Class I simply have not changed since 
mammals last shared a common ancestor approximately 100 to 80 million years 
ago (Hallstrom and Janke 2010).  A simulated set of 1,000 proteins gives insights 
into the average weighted cost in single positions of amino acid biosynthesis in 
each class that would occur by chance alone (e.g. absent functional constraint).  
Table 2 shows that average weighted cost in single positions at Class IIa, IIb, III 
and IV positions within these mammalian proteins is significantly less that what 
would have occurred by chance alone.  While amino acid utilization in Class I 
positions is inversely related to weighted cost (rs=-0.55; p<0.05) this class is the 
only one where the observed average weighted cost in single positions (25.83 
~P) is significantly greater than the expected average weighted cost in single 
positions (25.54 ~P) in a fashion that suggests functional constraint overrides 
cost considerations for these positions. 
The use of weighted cost helps to mitigate the effect of single (or a few) 
high-cost amino acids in the alignments.  This can be seen as follows:  consider 
an alignment position with the four amino acids (three glutamates and one 
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tryptophan) costing 9.50 and 75.50 high-energy phosphate bonds, 
respectively.  The arithmetic mean of the costs is 26.00, while the unweighted 
geometric mean is 26.78.  The weighted geometric mean, however, is 
11.60.  The use of the weighted mean helps to reduce the effect of the outlier (in 
this case, tryptophan) upon the calculated mean cost.  The use of weighted cost 
has no effect on invariant positions.  In an invariant position the weight given will 
be 1 and the first root will be taken resulting in a weighted cost equal to the cost 
calculated according to Wagner (2005). 
The analysis of the first and last decile demonstrates a higher average 
weighted cost in single positions in each class in the last decile, than the 
corresponding class in the first decile (Table 5.2).  However, proteins in the first 
decile are more expensive to produce overall due to their containing nearly 50% 
more Class I positions. 
 While a trend towards usage of less biosynthetically expensive amino 
acids is seen in each class, a positive correlation is seen between average 
weighted cost across all positions within a single protein and degree of 
conservation.  The rate of synonymous and non-synonymous substitutions was 
found to correlate negatively with average weighted cost across all positions 
within a single protein (Table 5.3).  The magnitude of the correlation was greater 
for non-synonymous mutations (-0.43) than synonymous mutations (-0.21).  As 
proteins that have a high average weighted cost across all positions within a 
single protein tend to also be highly conserved, it is expected that they would 
also have fewer mutations and that these mutations would be mostly 
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synonymous.  Amino acid usage frequency within proteins is also significantly 
correlated with PAM100 diagonal values for each of the 20 amino acids (Table 
5.1).  PAM matrices describe how frequently an amino acid is replaced by other 
amino acids (Dayhoff 1978).  Tryptophan, with a PAM100 diagonal value (1 - 
relative mutability) of 12, is much less likely than alanine, with a PAM100 
diagonal value of 4, to be replaced with a different amino acid in a homologous 
protein.  As a result, the negative correlation between amino acid usage and 
PAM diagonal values is to be expected since amino acids with high PAM 
diagonal values are less likely to be found in a variable position within the four-
deep alignments used in this study.  The fact that PAM diagonal values and 
amino acid biosynthetic costs are highly correlated suggests that metabolic 
efficiency, as well as functional constraint, may be an important factor 
contributing to the values seen in PAM matrices. 
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Figure 5.2 – Distribution of genes containing a specific number of CpG 
dinucleotides in their upstream sequences (Aerts et al.  2004).  Number of CpG 
dinucleotides is the number of CG dinucleotides in a window of 800 bp centered 
on the transcriptional start site.  Number of human genes is the number of human 
genes with the specific number of CpG dinucleotides. 
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Studies in metabolic efficiency suggest that pressure to reduce average 
amino acid biosynthetic cost would be greatest in genes that have the highest 
levels of expression (Heizer et al.  2006; Raiford et al.  2008).  Human genes 
appear to have two overlapping populations with respect to the presence of CpG 
islands near their transcriptional start sites (Figure 5.2).  The average amino acid 
biosynthetic cost of the 3,360 human genes that are associated with CpG islands 
(25.2 ~P; std. dev. = 1.80) is subtly but significantly (p=5.7E-18) lower than that 
for the 910 genes without CpG islands (25.8 ~P; std. dev. = 1.92).  Quintile 
analysis reveals a shift from CpG containing proteins to non-CpG containing as 
average amino acid biosynthetic cost increases (Table 5.4).  Previous studies 
have shown that CpG islands tend to be found in the GC-richest regions of 
mammalian genomes (Varriale and Bernardi 2010) and that GC-rich regions also 
tend to have high GC3-contents and high concentrations of housekeeping genes 
(Lercher et al. 2003; Lawson and Zhang 2008), and that GC-rich codons tend to 
code for amino acids with lower biosynthetic costs than GC-poor codons 
(Seligmann 2003).  This analysis suggests that localization of highly expressed 
genes within GC-rich compartments of genomes results in a subtle but 
statistically significant reduction in the energy devoted to amino acid 
biosynthesis. 
 Many forces shape a genome.  Knowledge of cost selection and where it 
acts may improve our ability to discover functionally important amino acids.  
Amino acids with relatively high amino acid biosynthetic cost are more likely to be 
functionally important and as a result to be evolutionarily conserved.  Protein 
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alignment algorithms might benefit by placing a premium on aligning the 
relatively rare amino acids that also have high biosynthetic costs. 
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Chapter Six 
6.  Conclusions  
6.1 Summary of Contributions 
Whole genome and proteome analysis of bacterial organisms have led to 
many insights into how the organisms have adapted to their environment and 
how they survive during times of selective pressure.  Metabolic efficiency is one 
example of adaptation to times of selective pressure.  Studies of metabolic 
efficiency have been small in scope and the universality of metabolic efficiency 
has been hinted at by previous studies but never fully explored. 
In order to examine the true extent of this phenomenon a large-scale 
analysis of bacterial species was performed as well as a smaller scale analysis of 
eukaryotes.  In over 90% of the bacterial organisms examined (66 of 73) the 
presence of metabolic efficiency was seen.  The average correlation between 
average amino acid biosynthetic cost and CAI was -0.21. While this is a weak 
correlation it is statistically significant (p<0.05).   
The seven organisms that did not exhibit metabolic efficiency are all 
Lactobacilli.  These organisms are all highly domesticated and found in nutrient 
rich environments.  These organisms are highly auxotrophic as well, ranging from 
5-13 amino acids they are unable to produce.  These organisms have only been 
domesticated for a few thousand years which is likely not enough time for their 
genomes to have adapted completely to auxotrophy.  This can be seen in their 
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treatment of auxotrophic amino acids.  The usage of the auxotrophic amino acid 
follow what would be expected based upon their amino acid biosynthetic cost.  
When the correlations are performed utilizing calculated biosynthetic costs for the 
auxotrophic amino acids significantly negative correlations between amino acid 
biosynthetic cost and CAI are observed.  Comparison of a wild strain of 
Lactobacilli to the domesticated strain might reveal how the genome has 
changed over the course of domestication.  It might be possible to determine if 
that is enough time for the organism to adapt by examining generation time, 
mutation rate, population size, and the advantage conferred by selecting for less 
costly amino acids.    
In Saccharomyces cerevisiae a significant correlation between average 
amino acid biosynthetic cost and four different expression measures was seen.  
It is of interest to note that the strength of the correlation appears to be greatest 
when anaerobic costs are considered.  Anaerobic costs have a narrower range 
than do aerobic costs and yet they are highly correlated, an amino acid that is 
expensive aerobically will also be expensive anaerobically.  The stronger 
correlation between anaerobic costs and expression has several possible 
explanations.  The first is that Saccharomyces cerevisiae is found most often in 
anaerobic conditions and thus the true cost of the amino acids in this organism is 
closer to the anaerobic costs.  Another possibility is that it has adapted to 
perform amino acid biosynthesis preferentially in anaerobic conditions as the 
costs of production are lower.  As amino acids are necessary regardless of the 
condition in which it finds itself at the moment I think it is more likely that during 
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much of its evolution Saccharomyces cerevisiae has existed in anaerobic 
conditions and thus the cost we are seeing for the amino acids is more reflective 
of anaerobic biosynthesis costs.   
In the human genes examined the putatively highly expressed genes 
exhibited a significantly lower average amino acid biosynthetic cost (25.2 ~P) 
than the other genes (25.8~P).  The observation of metabolic efficiency in 
humans raises the question of how strong is this selective force.  Is it stronger 
than codon usage bias?  Is it weaker than sexual selection?  I believe the answer 
to both questions to be “yes”.  Codon usage bias within a gene has been shown 
to be only 1/3 as strong as selection for amino acid usage in the same gene 
(Hartl, Moriyama and Sawyer 1994) and has been shown to be absent in 
humans.  Sexual selection in humans has been estimated to account for a 
minimum of 54.8% of the total selection (Wade and Shuster 2004).  Where does 
the strength of metabolic efficiency fall when compared to these extremes?  As 
we observe indications of metabolic efficiency in humans and not that of codon 
usage bias (Urrutia and Hurst 2001) it is safe to assume that the strength of the 
force selecting for metabolic efficiency is stronger than the force selecting for 
codon usage bias.  It is certainly weaker than negative selection against 
deleterious amino acid changes.  Otherwise it would result in changing 
functionally constrained amino acids such that the protein would not function.  It 
is possible that metabolic efficiency was once a stronger selective force in 
humans than it currently appears.  The ability to detect the actions of selection 
depends strongly upon the effective population size of the organism in question.  
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When effective population size is small it is genetic drift can have a stronger 
effect on a genome than selection, thus causing adaptive mutations to be lost 
and deleterious mutations to become fixed (Petit and Barbadilla 2009b).  In a 
study of 15 Drosophila species the degree to which certain types of selection 
occurs was found to be highly correlated with effective population size.  Species 
with high numbers of synonymous polymorphisms (and thus larger effective 
population sizes) tended to exhibit more adaptive mutations and codon bias while 
species with lower number of synonymous polymorphisms did not (Petit and 
Barbadilla 2009b).  A similar study compared the differences between humans 
and Drosophila and found a higher number of non-synonymous polymorphisms 
in humans (Petit and Barbadilla 2009a).  These results are expected due to the 
smaller effective population size of humans and are likely a result of stronger 
genetic drift in humans.  This low effective population size results in genetic drift 
acting as a stronger force than selection and likely prevents the establishment of 
a codon usage bias in humans.  Since genetic drift tends to result in the fixation 
of slightly deleterious mutations it could be slowly removing the vestiges of 
metabolic efficiency from our genome.  Further studies of organisms with varying 
effective population sizes will improve our understanding of metabolic efficiency 
and how effective population size affects it.  The presence of metabolic efficiency 
in species ranging from prokaryotes to simple eukaryotes to complex multicellular 
eukaryotes argues for the universality of this proteome shaping force.   
 The sites within protein sequences where metabolic efficiency acted had 
not been carefully explored.  Examination of homologous proteins across four 
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mammalian orders revealed a drive towards usage of biosynthetically 
inexpensive amino acids in variable positions and not in invariable positions.  . 
Comparison of the average cost in the test set versus the original dataset reveals 
information affecting how selection works and where it can work.  Comparing the 
test set to the original dataset reveals the effect of selection in each class.  In 
class I the average cost of amino acids utilized is higher than expected when 
compared to the test set.  While in all other classes the costs are lower than 
expected when compared to the test set.  This indicates that selection is less 
able or unable to act on amino acids that are completely conserved.  This makes 
sense as conserved amino acids tend to be functionally important.  The lower 
than expected costs in the other classes show the ability of natural selection to 
act in positions which are likely less functionally constrained.  This also has 
implications on the neutral theory of molecular evolution.  Selection for less 
biosynthetically expensive amino acids would indicate positive selection at work 
in these positions and that these changes are not neutral but do in fact confers a 
benefit to the organism.  In addition to cost I showed that PAM100 and PAM250 
values are highly inversely correlated with amino acid biosynthetic cost.  This is a 
reasonable expectation as these amino acids with low PAM values are more 
likely to be found at positions where substitutions have occurred than amino 
acids with high PAM values. 
 The results obtained while testing for the presence of metabolic efficiency 
raised questions regarding the accuracy of the amino acid biosynthetic costs in 
some situations, specifically for auxotrophic amino acids and serine.  As accurate 
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amino acid costs are integral to determining metabolic efficiency I attempted to 
develop a method that would allow the calculation of a perceived cost of amino 
acid usage to the organism.  The results from the method were biologically 
unlikely.  The auxotrophic amino acids had an average cost of -73.89 ~P while 
serine had an average cost of 120.88 ~P.  The highly negative cost for the 
auxotrophic amino acids is unlikely as it implies an energetic gain every time an 
auxotrophic amino acid is utilized.  If this were truly the case I would expect to 
see the auxotrophic amino acids utilized very frequently.  However the usage of 
the auxotrophic amino acids follows what we would expect if their cost is the 
normal biosynthetic cost.  This makes it unlikely that the negative calculated 
costs are accurate.  The costs for serine are high as would be expected and 
appear to make sense when viewed alone.  However the results obtained using 
linear regression for auxotrophic amino acids makes it likely that these results 
are just as unreliable.  The failure of this method is likely due to the weak 
correlations observed between amino acid usage and CAI scores.  These weak 
correlations result in linear regressions that have a shallow slope and thus any 
amino acid showing a relatively strong trend ends up with a cost that is either 
extremely positive or negative.  It is unlikely that utilization of this method, with 
the current parameters, will yield a biologically relevant amino acid cost.   
 It is important to note that the bacteria analyzed for this thesis are limited 
to one lifestyle (aerobic chemoheterotrophs) and seven of them exhibit no 
metabolic efficiency.  The eukaryotes exhibit metabolic efficiency but the trend in 
S. cerevisiae is driven predominantly by only three amino acids (alanine, glycine, 
131 
 
and valine).  Does this mean that metabolic efficiency is truly universal or is it 
only found in organisms living in specific conditions?  I expect to discover that 
metabolic efficiency is a universal force that has worked to shape proteomes in 
all domains and styles of life.  As expression data becomes more readily 
available and we better understand amino acid usage costs I believe the 
universality of this trend will be increasingly apparent.  Further studies will also 
shed light on how and where natural selection works to shape proteins.   
  
6.2 Future Research 
6.2.1 Perceived Cost 
Linear regression as a method for determining perceived cost of amino 
acids appears to be ineffective.  Examination of further methods to determine 
perceived cost should be undertaken.  In particular applying various classification 
techniques to the problem may result in a more supportable result.  Examination 
of amino acid usage appears to show a clustering of amino acids based upon 
biosynthetic cost (Figure 2.3).  Exploration of this data with various classification 
algorithms may yield perceived costs that are closer to the actual amino acid 
acquisition cost to the organism. 
The results of the study into cost and conservation show a stronger drive 
towards usage of less biosynthetically expensive amino acids in variable 
positions.  I have shown that in these variable positions selection has acted to 
decrease average amino acid biosynthetic cost and thus calculating perceived 
cost using only  these positions may improve our ability to calculate perceived 
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cost.  The usage of the amino acids in these positions should be reflective of cost 
and not functional constraint thus removing noise in the data due amino acid 
choice being affected by forces other than metabolic efficiency.  
 
6.2.2 Serine Usage 
 The usage of serine in the organisms in this study is counterintuitive.  
Serine has a relatively low biosynthetic cost (14.5 ~P) and in metabolically 
efficient organisms this would lead to the expectation of increased usage in 
highly expressed genes.  Our results show that highly expressed genes rather 
than preferring to use serine avoid it.  Serine is used not only in the formation of 
proteins but it is also a precursor molecule to other amino acids (glycine, 
cysteine, and tryptophan), phospholipids, and as a carbon source for the 
biosynthesis of many other molecules.  It seems likely that this multitude of uses 
is why serine usage is avoided in highly expressed genes.  However it is unlikely 
that bioinformatic means will be able to answer this question.  In order to answer 
this question a study determining the fate of serine in a cell would be useful.  
Determining where most of the available serine in a cell would be useful in 
showing why it is avoided in proteins. 
6.2.3 Cost and Conservation 
 While our results clearly showed that less biosynthetically expensive 
amino acids are used in variable regions examination of a set of well 
characterized proteins may show an even stronger trend.  Addition of a species 
less closely related to the organisms in this study may decrease the number of 
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completely conserved positions and thus give a clearer picture of what is 
occurring.  It is possible that a multiple sequence alignment may miss some 
functionally important amino acids.  Examination of proteins with well 
characterized functional sites may show an even stronger trend.  It may also be 
interesting to determine the functions of the proteins in this study and determine 
if the trends remain the same throughout all functional categories. 
6.2.4 Protein Alignment 
 
 Modification of current protein alignment algorithms to take into account 
the fact that biosynthetically expensive amino acids tend to be conserved may 
improve the functioning of the algorithms.  Recent studies have shown that 
sometimes functionally constrained amino acids are not detected by protein 
alignments.  Modification of these algorithms to penalize for misaligning 
biosynthetically expensive amino acids may improve the overall quality of the 
alignment. 
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Appendix A – Spearman rank correlations and p-values between average 
amino acid biosynthetic cost and average CAI for all 73 organisms in 
chapter three 
 
Table A.1 
Organism rs pval 
Acinetobacter baumannii AB0057 -0.29 0.00 
Acinetobacter baumannii AB307-0294 -0.32 0.00 
Acinetobacter baumannii ACICU -0.31 0.00 
Acinetobacter baumannii ATCC 17978 -0.28 0.00 
Acinetobacter baumannii SDF -0.32 0.00 
Actinobacillus pleuropneumoniae serovar 3 str.  JL03 -0.34 0.00 
Aliivibrio salmonicida LFI1238 -0.30 0.00 
Alteromonas macleodii 'Deep ecotype' -0.25 0.00 
Bacillus cereus ATCC 10987 -0.37 0.00 
Bacillus clausii KSM-K16 -0.19 0.00 
Escherichia coli ATCC 8739 -0.21 0.00 
Escherichia coli ED1a -0.22 0.00 
Escherichia coli IAI1 -0.23 0.00 
Escherichia coli O127:H6 str.  E2348/69 -0.20 0.00 
Escherichia coli S88 -0.23 0.00 
Escherichia coli str.  K-12 substr.  DH10B -0.21 0.00 
Idiomarina loihiensis L2TR -0.18 0.00 
Lactobacillus brevis ATCC 367 0.10 0.00 
Lactobacillus casei ATCC 334 0.01 0.28 
Lactobacillus delbrueckii subsp.  bulgaricus ATCC 11842 0.02 0.22 
Lactobacillus delbrueckii subsp.  bulgaricus ATCC BAA-
365 0.02 0.20 
Lactobacillus helveticus DPC 4571 0.30 0.00 
Lactobacillus plantarum WCFS1 0.03 0.08 
Lactobacillus reuteri JCM 1112 0.20 0.00 
Lactococcus lactis subsp.  cremoris MG1363 -0.36 0.00 
Lactococcus lactis subsp.  cremoris SK11 -0.36 0.00 
Lactococcus lactis subsp.  lactis Il1403 -0.35 0.00 
Leuconostoc citreum KM20 -0.22 0.00 
Leuconostoc mesenteroides subsp.  mesenteroides ATCC 
8293 -0.30 0.00 
Photobacterium profundum SS9 -0.24 0.00 
Photorhabdus luminescens subsp.  laumondii TTO1 -0.19 0.00 
Polynucleobacter necessarius subsp.  asymbioticus QLW-
P1DMWA-1 -0.19 0.00 
Proteus mirabilis HI4320 -0.25 0.00 
Salmonella enterica subsp.  enterica serovar Gallinarum -0.24 0.00 
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str.  287/91 
Shewanella amazonensis SB2B -0.15 0.00 
Shewanella oneidensis MR-1 -0.16 0.00 
Shewanella putrefaciens CN-32 -0.10 0.00 
Shewanella sp.  W3-18-1 -0.09 0.00 
Shigella boydii CDC 3083-94 -0.19 0.00 
Shigella boydii Sb227 -0.21 0.00 
Shigella dysenteriae Sd197 -0.20 0.00 
Shigella flexneri 2a str.  2457T -0.13 0.00 
Shigella flexneri 2a str.  301 -0.20 0.00 
Shigella flexneri 5 str.  8401 -0.17 0.00 
Shigella sonnei Ss046 -0.17 0.00 
Streptococcus pneumoniae CGSP14 -0.35 0.00 
Streptococcus pneumoniae D39 -0.36 0.00 
Streptococcus pneumoniae G54 -0.20 0.00 
Streptococcus pneumoniae Hungary19A-6 -0.34 0.00 
Streptococcus pneumoniae R6 -0.36 0.00 
Streptococcus pneumoniae TIGR4 -0.36 0.00 
Streptococcus suis 05ZYH33 -0.27 0.00 
Streptococcus suis 98HAH33 -0.28 0.00 
Vibrio cholerae O1 biovar eltor str.  N16961 -0.15 0.00 
Vibrio cholerae O395 -0.13 0.00 
Vibrio fischeri ES114 -0.36 0.00 
Vibrio fischeri MJ11 -0.36 0.00 
Vibrio harveyi ATCC BAA-1116 -0.26 0.00 
Vibrio splendidus LGP32 -0.26 0.00 
Vibrio vulnificus YJ016 -0.15 0.00 
Yersinia enterocolitica subsp.  enterocolitica 8081 -0.25 0.00 
Yersinia pestis Angola -0.19 0.00 
Yersinia pestis Antiqua -0.21 0.00 
Yersinia pestis biovar Microtus str.  91001 -0.23 0.00 
Yersinia pestis CO92 -0.26 0.00 
Yersinia pestis KIM -0.23 0.00 
Yersinia pestis Nepal516 -0.22 0.00 
Yersinia pestis Pestoides F -0.21 0.00 
Yersinia pseudotuberculosis IP 31758 -0.21 0.00 
Yersinia pseudotuberculosis IP 32953 -0.22 0.00 
Yersinia pseudotuberculosis PB1/+ -0.21 0.00 
Yersinia pseudotuberculosis YPIII -0.20 0.00 
Rs – Spearman rank correlation coefficient.  Pval – associated p-value 
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Appendix B – Average Amino Acid Biosynthetic Cost and Degree of 
Conservation for Each Locus Utilized in Chapter Five 
Table B.1 – Average cost and percent conservation for each locus 
Locus 
Cos
t 
%Con
s 
 
Locus 
Cos
t 
%Con
s 
 
Locus 
Cos
t 
%Con
s 
A1BG 14.3 33.8 
 
A1CF 16.2 63.4 
 
A2M 14.8 43.3 
AAAS 15.5 75.9 
 
AACS 14.3 69.4 
 
AADAC 16.5 55.0 
AADAT 15.7 43.7 
 
AAMP 16.3 96.8 
 
AANAT 14.2 55.0 
AARS 15.8 91.2 
 
AARS2 13.3 75.5 
 
AARSD1 12.4 63.1 
AASDH 15.2 62.5 
 
AASDHPPT 17.1 73.2 
 
AASS 14.6 69.8 
AATF 12.8 70.4 
 
ABAT 17.0 86.0 
 
ABCA1 14.5 91.0 
ABCA3 15.5 76.3 
 
ABCA4 15.3 79.9 
 
ABCA5 16.0 75.0 
ABCA6 16.7 49.4 
 
ABCA7 14.0 59.2 
 
ABCA9 16.2 63.0 
ABCB11 15.7 74.1 
 
ABCB6 14.6 61.3 
 
ABCB8 14.1 75.5 
ABCB9 14.7 88.1 
 
ABCC1 15.0 82.5 
 
ABCC10 14.5 64.9 
ABCC2 16.0 62.0 
 
ABCC3 15.6 72.2 
 
ABCC4 15.3 69.9 
ABCC5 17.5 80.9 
 
ABCC8 14.9 88.4 
 
ABCC9 18.2 93.0 
ABCD1 13.9 83.6 
 
ABCD3 16.2 83.7 
 
ABCD4 15.1 81.1 
ABCE1 20.7 99.5 
 
ABCF1 12.2 79.0 
 
ABCF2 16.1 96.8 
ABCF3 17.1 95.8 
 
ABCG1 16.5 90.7 
 
ABCG2 16.7 72.4 
ABCG4 14.2 86.1 
 
ABCG5 16.3 68.9 
 
ABCG8 15.6 70.4 
ABHD11 14.5 53.1 
 
ABHD14B 15.5 56.2 
 
ABHD2 18.6 97.2 
ABHD3 17.6 84.7 
 
ABHD4 15.3 92.4 
 
ABHD5 15.8 89.5 
ABHD6 16.8 89.9 
 
ABHD8 16.9 83.2 
 
ABI2 17.2 80.3 
ABI3 13.2 68.4 
 
ABL1 13.0 78.5 
 
ABL2 13.5 88.1 
ABLIM1 13.7 75.8 
 
ABLIM3 15.2 95.7 
 
ABO 16.2 44.7 
ABP1 15.2 64.1 
 
ABRA 15.7 67.1 
 
ABT1 13.1 62.0 
ABTB1 16.5 78.9 
 
ABTB2 15.4 75.5 
 
ACACA 15.3 94.1 
ACAD8 14.4 66.7 
 
ACAD9 15.0 70.9 
 
ACADL 15.5 68.8 
ACADM 15.3 77.3 
 
ACADS 14.1 80.2 
 
ACADSB 15.7 56.1 
ACADVL 13.4 77.6 
 
ACAN 13.4 54.0 
 
ACAT1 17.5 76.7 
ACAT2 14.2 79.2 
 
ACBD3 13.0 67.4 
 
ACBD4 14.6 63.3 
ACBD5 15.8 63.9 
 
ACBD6 13.7 78.5 
 
ACCN1 14.0 69.6 
ACCN2 15.3 70.7 
 
ACCS 14.7 58.6 
 
ACD 13.0 38.3 
ACE 15.3 41.0 
 
ACE2 14.3 70.7 
 
ACER2 17.6 89.1 
ACER3 22.4 85.1 
 
ACHE 16.9 84.9 
 
ACLY 19.6 96.2 
ACMSD 14.9 70.6 
 
ACN9 13.9 73.8 
 
ACO1 16.8 88.9 
ACO2 16.6 93.9 
 
ACOT12 15.7 71.3 
 
ACOT13 15.4 56.6 
ACOT2 14.6 59.5 
 
ACOT4 15.7 65.9 
 
ACOT7 15.9 81.1 
ACOT9 14.4 68.3 
 
ACOX1 14.4 79.3 
 
ACOX2 15.2 58.3 
ACOX3 14.9 59.3 
 
ACP2 14.4 83.5 
 
ACP6 15.1 66.1 
ACR 14.9 43.7 
 
ACRBP 13.8 62.8 
 
ACRV1 12.4 36.1 
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ACSBG1 13.9 66.9 
 
ACSBG2 15.4 50.9 
 
ACSL1 15.6 79.0 
ACSL4 18.7 88.5 
 
ACSL5 16.1 70.9 
 
ACSL6 16.6 81.2 
ACSM3 15.6 76.9 
 
ACSM5 17.4 50.9 
 
ACSS1 14.5 64.6 
ACSS2 13.1 81.8 
 
ACSS3 15.3 50.1 
 
ACTG2 21.5 84.3 
ACTL6A 21.0 91.7 
 
ACTL6B 20.9 93.4 
 
ACTL7A 14.6 79.1 
ACTL7B 14.2 60.4 
 
ACTL9 14.1 67.6 
 
ACTN1 15.8 98.7 
ACTN2 15.7 97.8 
 
ACTN3 15.5 95.3 
 
ACTN4 16.2 97.9 
ACTR10 17.4 92.6 
 
ACTR1A 26.5 99.7 
 
ACTR2 26.8 99.8 
ACTR3 20.3 71.4 
 
ACTR3B 18.6 68.4 
 
ACTR6 16.0 97.7 
ACTR8 20.6 95.7 
 
ACTRT1 16.2 63.2 
 
ACTRT2 14.9 73.3 
ACVR1 19.4 97.5 
 
ACVR1B 16.7 91.9 
 
ACVR1C 23.4 70.5 
ACVR2A 23.5 98.1 
 
ACVR2B 16.2 91.3 
 
ACVRL1 14.2 82.8 
ACY1 13.9 70.2 
 
ADA 15.2 72.5 
 
ADAL 18.5 51.2 
ADAM10 17.7 92.8 
 
ADAM11 14.0 68.9 
 
ADAM17 15.1 55.1 
ADAM18 15.7 36.9 
 
ADAM19 14.3 74.4 
 
ADAM2 15.7 38.0 
ADAM22 17.0 83.1 
 
ADAM23 15.7 87.9 
 
ADAM28 14.9 42.7 
ADAM32 15.6 41.7 
 
ADAM33 13.9 44.4 
 
ADAM7 15.7 34.5 
ADAM9 14.7 72.0 
 
ADAMDEC1 15.3 41.4 
 
ADAMTS10 13.1 91.8 
ADAMTS12 14.1 63.2 
 
ADAMTS14 13.4 73.3 
 
ADAMTS15 13.8 74.8 
ADAMTS16 14.3 67.6 
 
ADAMTS18 14.4 62.6 
 
ADAMTS2 13.2 82.2 
ADAMTS20 14.8 57.8 
 
ADAMTS3 14.1 69.9 
 
ADAMTS4 13.7 82.6 
ADAMTS5 13.6 74.0 
 
ADAMTS6 16.3 94.5 
 
ADAMTSL1 14.3 56.3 
ADAMTSL2 14.4 82.4 
 
ADAMTSL4 12.3 67.2 
 
ADAP1 15.2 68.8 
ADAP2 16.0 63.7 
 
ADAR 13.9 66.0 
 
ADARB2 14.3 62.4 
ADAT1 13.8 57.8 
 
ADC 17.1 71.4 
 
ADCK2 14.7 63.0 
ADCY2 15.9 87.5 
 
ADCY3 14.8 90.2 
 
ADCY4 14.9 86.5 
ADCY5 18.4 72.8 
 
ADCY6 14.9 91.0 
 
ADCY7 15.3 70.5 
ADCY8 15.7 94.7 
 
ADCY9 14.6 85.6 
 
ADCYAP1R
1 17.4 80.2 
ADD1 12.9 82.8 
 
ADD2 12.8 85.5 
 
ADD3 17.5 85.2 
ADFP 14.8 69.8 
 
ADH4 16.1 56.7 
 
ADHFE1 13.6 76.5 
ADIPOQ 14.5 73.5 
 
ADIPOR1 15.6 95.2 
 
ADIPOR2 14.9 86.6 
ADK 17.9 80.7 
 
ADM 13.7 56.3 
 
ADNP 12.7 91.5 
ADORA1 14.8 88.1 
 
ADORA2A 14.1 70.3 
 
ADORA2B 15.2 77.8 
ADORA3 17.6 67.2 
 
ADPGK 16.3 83.7 
 
ADPRH 13.9 75.2 
ADPRHL2 14.5 72.8 
 
ADRA1A 17.8 86.3 
 
ADRA1B 12.6 71.5 
ADRA2A 14.4 50.4 
 
ADRA2B 13.7 74.9 
 
ADRB1 13.1 75.3 
ADRB2 15.0 79.7 
 
ADRB3 13.6 70.2 
 
ADRBK1 21.2 91.3 
ADRBK2 14.7 84.5 
 
ADRM1 14.0 93.1 
 
ADSL 12.7 87.2 
ADSS 16.5 93.7 
 
AFAP1 13.2 71.0 
 
AFAP1L1 13.4 70.4 
AFAP1L2 13.2 54.4 
 
AFF4 12.2 90.6 
 
AFG3L2 14.7 87.6 
AFM 15.3 55.2 
 
AFMID 15.3 53.2 
 
AFP 14.6 54.7 
AGA 14.2 50.4 
 
AGBL3 15.6 50.1 
 
AGBL5 14.9 83.9 
AGER 13.2 60.3 
 
AGFG1 15.3 79.8 
 
AGFG2 13.5 61.9 
AGGF1 13.6 72.5 
 
AGK 16.6 85.1 
 
AGL 15.5 87.2 
AGMAT 13.9 67.9 
 
AGPAT1 18.1 87.2 
 
AGPAT2 15.5 53.1 
AGPAT4 16.4 79.5 
 
AGPAT6 17.8 95.6 
 
AGPS 14.0 83.2 
AGR2 14.4 86.9 
 
AGRN 12.9 66.0 
 
AGRP 12.9 65.2 
AGT 14.8 44.0 
 
AGTPBP1 14.2 84.2 
 
AGTR2 16.3 87.4 
AGXT 15.2 57.8 
 
AGXT2 14.7 65.7 
 
AGXT2L1 14.2 59.0 
AGXT2L2 14.1 77.4 
 
AHCTF1 14.2 55.3 
 
AHCY 18.0 89.3 
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AHCYL2 20.1 79.5 
 
AHDC1 13.8 80.8 
 
AHR 14.8 59.1 
AHSA1 17.4 92.0 
 
AHSG 14.2 45.7 
 
AICDA 17.5 87.5 
AIDA 21.0 95.8 
 
AIF1 16.2 76.4 
 
AIFM1 14.4 88.8 
AIFM2 14.2 77.0 
 
AIFM3 19.4 62.8 
 
AIMP1 15.2 73.8 
AIMP2 16.0 67.6 
 
AIP 13.7 90.0 
 
AIPL1 14.8 70.4 
AIRE 12.4 50.4 
 
AJAP1 13.5 58.3 
 
AK1 18.1 63.7 
AK2 13.5 89.4 
 
AK3L1 17.0 85.3 
 
AK5 13.7 87.7 
AKAP1 13.3 55.2 
 
AKAP10 13.7 79.2 
 
AKAP11 14.3 58.5 
AKAP12 11.8 36.8 
 
AKAP13 12.9 41.0 
 
AKAP3 14.3 62.9 
AKAP4 13.1 69.5 
 
AKAP6 13.3 72.6 
 
AKAP8 13.3 69.4 
AKAP8L 14.5 69.7 
 
AKAP9 13.8 40.6 
 
AKIRIN1 14.5 85.5 
AKIRIN2 13.5 91.2 
 
AKR1D1 15.9 67.9 
 
AKT1 15.2 91.7 
AKT1S1 14.8 88.8 
 
AKT2 14.8 83.2 
 
AKTIP 15.4 90.8 
ALAD 13.9 85.2 
 
ALAS1 13.6 84.3 
 
ALAS2 14.3 84.0 
ALB 14.5 58.2 
 
ALCAM 16.7 72.1 
 
ALDH16A1 13.7 72.4 
ALDH18A1 14.3 94.4 
 
ALDH1A1 16.3 79.5 
 
ALDH1A2 22.9 79.4 
ALDH1L1 13.9 86.1 
 
ALDH2 17.6 87.7 
 
ALDH3A1 14.8 68.2 
ALDH3A2 15.4 67.7 
 
ALDH3B1 14.1 74.2 
 
ALDH5A1 14.7 67.8 
ALDH6A1 13.7 90.6 
 
ALDH7A1 16.9 81.1 
 
ALDH8A1 14.7 81.2 
ALDOA 23.3 95.3 
 
ALDOB 15.8 84.7 
 
ALDOC 16.5 95.9 
ALG1 15.7 63.3 
 
ALG14 15.2 46.7 
 
ALG2 15.2 72.9 
ALG3 17.6 82.7 
 
ALG5 16.0 74.2 
 
ALG8 17.8 84.4 
ALK 13.3 69.0 
 
ALKBH2 14.2 56.4 
 
ALKBH3 14.3 66.8 
ALKBH4 16.1 53.6 
 
ALKBH6 14.3 77.2 
 
ALKBH7 14.5 77.0 
ALLC 15.9 66.3 
 
ALMS1 13.6 33.9 
 
ALOX12 14.3 74.6 
ALOX12B 15.9 76.7 
 
ALOX15 15.3 64.0 
 
ALOX5 14.1 80.2 
ALOXE3 15.4 79.2 
 
ALPI 13.8 61.2 
 
ALPK1 14.4 56.9 
ALPK2 13.2 25.6 
 
ALPL 14.6 81.6 
 
ALS2 14.4 87.8 
ALS2CL 14.5 66.5 
 
ALX1 14.0 61.2 
 
ALX4 17.0 85.1 
AMACR 14.3 67.9 
 
AMBN 13.7 43.9 
 
AMBP 15.2 50.8 
AMD1 18.6 96.1 
 
AMDHD1 14.0 73.5 
 
AMDHD2 14.8 78.6 
AMICA1 15.2 40.4 
 
AMIGO1 15.6 86.2 
 
AMIGO2 15.7 74.1 
AMMECR1L 15.4 98.1 
 
AMN1 14.2 62.6 
 
AMOTL1 12.9 76.4 
AMOTL2 12.0 69.4 
 
AMPD1 14.9 86.6 
 
AMPD2 15.7 95.4 
AMT 14.5 79.2 
 
AMTN 14.0 41.5 
 
AMZ2 15.0 61.9 
ANAPC1 14.5 89.0 
 
ANAPC10 21.4 98.4 
 
ANAPC4 17.0 91.1 
ANAPC5 17.7 90.9 
 
ANAPC7 19.6 92.0 
 
ANGEL1 16.4 78.7 
ANGEL2 14.7 81.3 
 
ANGPT1 21.6 94.4 
 
ANGPT2 17.0 78.1 
ANGPT4 14.3 50.2 
 
ANGPTL1 15.6 88.8 
 
ANGPTL2 17.1 92.9 
ANGPTL3 15.5 67.0 
 
ANGPTL4 13.6 61.1 
 
ANGPTL6 13.8 66.2 
ANGPTL7 14.9 79.3 
 
ANKIB1 13.4 89.3 
 
ANKLE2 13.7 55.9 
ANKMY1 14.8 32.2 
 
ANKMY2 13.0 84.0 
 
ANKRA2 14.0 93.3 
ANKRD1 15.6 85.0 
 
ANKRD11 12.9 45.7 
 
ANKRD12 13.9 73.0 
ANKRD13A 13.3 87.1 
 
ANKRD13B 12.5 76.8 
 
ANKRD22 17.2 66.5 
ANKRD24 12.1 29.9 
 
ANKRD27 14.0 69.6 
 
ANKRD28 15.1 92.9 
ANKRD29 17.5 71.3 
 
ANKRD34A 13.7 92.0 
 
ANKRD34C 13.4 77.5 
ANKRD35 12.4 69.6 
 
ANKRD37 19.9 66.3 
 
ANKRD39 16.2 84.2 
ANKRD40 12.8 86.9 
 
ANKRD46 18.9 97.4 
 
ANKRD49 15.8 80.4 
ANKRD5 15.5 78.1 
 
ANKRD52 14.4 97.0 
 
ANKRD54 13.2 88.4 
ANKRD55 13.2 64.3 
 
ANKRD6 12.7 78.8 
 
ANKS3 13.1 56.0 
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ANKS4B 15.8 70.8 
 
ANKS6 13.1 66.4 
 
ANLN 13.7 68.8 
ANO1 14.3 78.1 
 
ANO10 15.8 84.9 
 
ANO4 17.0 82.0 
ANO6 16.0 78.5 
 
ANP32A 15.9 81.6 
 
ANP32E 15.5 87.5 
ANPEP 14.7 62.1 
 
ANTXR1 15.3 89.2 
 
ANTXR2 14.4 58.3 
ANXA1 14.6 80.7 
 
ANXA10 17.6 62.7 
 
ANXA11 15.7 81.6 
ANXA2 15.7 96.8 
 
ANXA3 13.9 76.7 
 
ANXA4 17.0 68.9 
ANXA5 15.4 91.0 
 
ANXA6 13.4 89.2 
 
ANXA7 13.4 83.4 
ANXA9 13.5 65.6 
 
AOAH 15.2 65.5 
 
AP1B1 15.5 82.1 
AP1G1 21.8 98.7 
 
AP1G2 14.0 63.8 
 
AP1GBP1 13.5 55.3 
AP1M1 21.9 71.2 
 
AP1M2 17.9 92.2 
 
AP1S3 18.9 89.9 
AP2A2 13.3 86.2 
 
AP2B1 17.8 99.7 
 
AP2M1 26.9 99.8 
AP2S1 29.9 92.3 
 
AP3B1 13.4 80.2 
 
AP3D1 14.2 81.4 
AP3M1 22.4 86.0 
 
AP3M2 20.8 97.1 
 
AP3S2 24.6 98.5 
AP4M1 13.5 89.2 
 
APBA3 12.4 66.4 
 
APBB1 13.4 68.6 
APBB2 15.4 86.1 
 
APBB3 15.2 87.0 
 
APC 12.4 67.5 
APC2 11.9 60.1 
 
APCDD1 14.7 71.5 
 
APEH 13.9 82.1 
APEX1 14.5 89.7 
 
APEX2 13.8 67.4 
 
APH1A 25.7 98.0 
APH1B 18.6 46.1 
 
API5 14.3 92.6 
 
APIP 14.4 62.6 
APLF 13.2 37.3 
 
APLNR 14.6 70.6 
 
APLP1 14.6 53.9 
APLP2 13.8 76.2 
 
APOA1 14.0 57.1 
 
APOA1BP 13.9 68.6 
APOA4 13.4 43.6 
 
APOA5 13.4 40.4 
 
APOBEC1 16.5 49.2 
APOBEC2 16.0 84.0 
 
APOC4 15.1 35.9 
 
APOD 16.4 60.2 
APOE 13.6 47.3 
 
APOF 14.3 34.0 
 
APOH 15.3 61.0 
APOLD1 14.0 75.5 
 
APOM 16.1 71.7 
 
APOOL 16.4 59.4 
APP 18.3 79.4 
 
APPBP2 16.8 90.3 
 
APPL1 15.2 96.1 
APPL2 13.8 86.9 
 
APRT 14.1 75.1 
 
APTX 13.8 72.6 
AQP1 14.6 87.9 
 
AQP11 17.1 68.1 
 
AQP2 17.8 86.4 
AQP3 17.6 91.8 
 
AQP4 18.0 72.4 
 
AQP5 15.5 53.3 
AQP6 15.0 60.9 
 
AQP7 15.9 51.3 
 
AQP8 15.3 39.9 
AQP9 15.5 67.2 
 
AR 12.1 79.3 
 
ARAF 14.9 88.8 
ARCN1 21.5 97.3 
 
ARF3 27.1 99.5 
 
ARF4 14.7 95.0 
ARF5 26.9 99.5 
 
ARF6 27.4 99.4 
 
ARFGAP1 13.2 68.9 
ARFGAP2 15.8 86.0 
 
ARFGAP3 13.5 73.4 
 
ARFGEF1 14.0 96.1 
ARFGEF2 15.6 92.6 
 
ARFIP1 16.7 90.1 
 
ARFIP2 15.8 98.0 
ARFRP1 17.3 84.6 
 
ARG1 14.6 60.6 
 
ARG2 13.5 81.1 
ARHGAP1 15.5 91.4 
 
ARHGAP10 14.1 86.7 
 
ARHGAP12 16.8 80.4 
ARHGAP15 14.6 80.0 
 
ARHGAP17 12.8 73.2 
 
ARHGAP18 14.4 56.3 
ARHGAP19 14.2 79.3 
 
ARHGAP24 15.4 80.1 
 
ARHGAP25 13.3 58.7 
ARHGAP28 15.2 57.3 
 
ARHGAP29 14.0 74.2 
 
ARHGAP30 12.3 57.1 
ARHGDIA 20.4 96.1 
 
ARHGDIB 16.8 83.7 
 
ARHGDIG 14.4 59.9 
ARHGEF10L 13.5 69.5 
 
ARHGEF11 13.1 72.5 
 
ARHGEF12 13.3 75.6 
ARHGEF15 12.5 77.1 
 
ARHGEF19 13.8 62.8 
 
ARHGEF2 13.2 81.3 
ARHGEF6 16.5 86.7 
 
ARID1A 12.1 91.0 
 
ARID3B 13.8 73.7 
ARID3C 12.0 73.3 
 
ARID4A 14.0 81.1 
 
ARID5A 13.4 55.5 
ARIH1 27.4 79.8 
 
ARIH2 16.6 96.6 
 
ARL1 20.2 97.8 
ARL13B 16.4 70.6 
 
ARL14 16.8 63.9 
 
ARL15 15.9 72.7 
ARL16 13.3 63.3 
 
ARL2 20.8 94.1 
 
ARL2BP 16.8 87.2 
ARL4D 14.3 92.6 
 
ARL5B 24.6 73.3 
 
ARL6IP5 18.2 87.8 
ARL6IP6 15.4 65.5 
 
ARL8B 19.3 98.9 
 
ARMC1 18.5 97.2 
ARMC4 14.7 74.0 
 
ARMC6 13.1 73.2 
 
ARMC7 13.0 76.9 
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ARMC8 17.6 96.1 
 
ARMC9 15.2 62.4 
 
ARMCX1 13.8 74.4 
ARMCX3 17.6 90.3 
 
ARNT 14.0 87.5 
 
ARNT2 15.7 93.7 
ARNTL 17.2 95.3 
 
ARNTL2 14.9 51.0 
 
ARPC1A 21.8 83.7 
ARPC1B 16.5 92.2 
 
ARPC2 21.9 91.4 
 
ARPC3 22.1 97.2 
ARPC5L 14.8 96.1 
 
ARR3 14.2 65.4 
 
ARRB1 14.9 96.2 
ARRB2 15.5 67.8 
 
ARRDC2 13.4 77.9 
 
ARRDC3 15.4 96.4 
ARRDC4 16.9 80.2 
 
ARSA 14.2 78.5 
 
ARSB 14.6 71.1 
ARSG 14.0 69.8 
 
ARSI 15.3 91.0 
 
ARSJ 15.0 77.8 
ARSK 15.5 71.1 
 
ART3 16.0 38.6 
 
ART4 15.3 36.3 
ARV1 19.4 69.3 
 
AS3MT 15.3 58.6 
 
ASAH1 16.9 64.9 
ASAP1 15.4 71.9 
 
ASB10 12.6 58.8 
 
ASB11 14.6 66.2 
ASB12 16.0 77.8 
 
ASB13 18.3 62.8 
 
ASB15 15.3 62.4 
ASB16 12.4 78.9 
 
ASB17 19.2 81.4 
 
ASB2 13.7 73.3 
ASB3 14.4 76.9 
 
ASB4 18.3 88.1 
 
ASB5 17.1 88.2 
ASB6 14.4 87.2 
 
ASB7 18.2 98.8 
 
ASB8 17.1 95.9 
ASB9 14.1 61.5 
 
ASCC1 16.9 80.2 
 
ASCC2 13.7 80.1 
ASCL4 12.8 41.3 
 
ASF1A 16.9 98.5 
 
ASGR1 14.4 63.4 
ASH1L 13.4 87.8 
 
ASL 12.7 87.6 
 
ASNA1 18.1 99.4 
ASNS 17.5 90.2 
 
ASNSD1 14.5 63.9 
 
ASPA 16.4 73.6 
ASPHD2 17.6 63.9 
 
ASPM 15.8 44.1 
 
ASPN 15.9 80.3 
ASRGL1 13.9 63.6 
 
ASS1 15.1 94.2 
 
ASTL 13.6 37.6 
ASTN1 18.1 80.7 
 
ASXL3 12.8 51.7 
 
ASZ1 14.4 77.9 
ATAD1 18.2 85.9 
 
ATAD3A 13.7 79.0 
 
ATAD5 14.3 56.0 
ATCAY 13.2 85.0 
 
ATE1 14.7 55.9 
 
ATF1 17.1 88.2 
ATF3 15.6 91.8 
 
ATF4 13.9 76.0 
 
ATF6B 14.6 75.7 
ATF7 17.0 81.6 
 
ATF7IP 12.6 65.6 
 
ATG12 14.5 60.3 
ATG16L1 16.1 86.2 
 
ATG16L2 12.9 68.2 
 
ATG2A 13.5 75.2 
ATG3 19.7 94.6 
 
ATG4A 13.6 75.5 
 
ATG4B 14.2 85.6 
ATG4C 17.2 85.8 
 
ATG4D 13.4 81.9 
 
ATG5 22.3 94.9 
ATG7 15.4 86.4 
 
ATG9A 14.5 96.9 
 
ATHL1 14.7 55.4 
ATIC 16.4 87.2 
 
ATL1 19.8 94.8 
 
ATL3 15.3 86.9 
ATM 15.3 75.7 
 
ATOH1 12.8 81.6 
 
ATOH7 11.9 76.1 
ATP10D 15.0 73.9 
 
ATP11A 15.4 76.0 
 
ATP11B 15.6 77.8 
ATP12A 14.5 63.1 
 
ATP13A1 16.0 90.5 
 
ATP13A3 16.0 80.1 
ATP13A4 15.8 67.9 
 
ATP13A5 15.7 68.6 
 
ATP1A1 15.4 94.4 
ATP1A2 19.8 94.3 
 
ATP1B2 21.0 95.5 
 
ATP1B3 14.5 60.3 
ATP1B4 16.1 82.3 
 
ATP2A1 15.1 93.0 
 
ATP2A2 19.7 97.7 
ATP2A3 12.9 85.8 
 
ATP2B1 22.4 98.1 
 
ATP2B3 16.3 95.5 
ATP2B4 14.8 79.9 
 
ATP2C1 14.8 88.9 
 
ATP2C2 15.0 63.3 
ATP4A 17.5 94.7 
 
ATP4B 14.2 71.9 
 
ATP5A1 16.3 75.3 
ATP5B 15.5 93.0 
 
ATP5C1 15.2 86.6 
 
ATP5D 14.3 79.3 
ATP5F1 15.6 75.9 
 
ATP5G1 16.3 86.1 
 
ATP5G3 15.8 86.7 
ATP5J 18.0 68.8 
 
ATP5S 18.9 65.7 
 
ATP6AP1 14.7 74.8 
ATP6V0A1 17.0 92.7 
 
ATP6V0A2 16.0 87.4 
 
ATP6V0A4 15.8 77.1 
ATP6V0B 19.4 95.2 
 
ATP6V0C 16.1 90.4 
 
ATP6V0D1 21.4 98.9 
ATP6V0D2 18.2 84.7 
 
ATP6V1A 20.3 97.3 
 
ATP6V1B1 13.7 88.3 
ATP6V1B2 14.9 98.2 
 
ATP6V1C1 18.2 96.9 
 
ATP6V1C2 14.3 87.6 
ATP6V1D 20.8 70.4 
 
ATP6V1E1 16.1 97.4 
 
ATP6V1E2 14.1 71.8 
ATP6V1F 18.9 96.7 
 
ATP6V1G2 13.4 92.4 
 
ATP6V1G3 16.7 67.2 
ATP6V1H 18.6 93.0 
 
ATP7A 15.2 83.5 
 
ATP7B 14.2 68.1 
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ATP8A1 20.0 94.8 
 
ATP8B1 15.2 86.5 
 
ATP8B2 14.1 88.7 
ATP9B 15.8 82.0 
 
ATPAF1 15.4 59.7 
 
ATPAF2 17.5 74.1 
ATPBD4 16.3 76.0 
 
ATPIF1 13.5 53.6 
 
ATRIP 13.4 64.2 
ATRN 16.2 89.0 
 
ATRX 13.2 72.1 
 
ATXN1 12.4 70.9 
ATXN10 14.2 77.7 
 
ATXN1L 14.0 88.0 
 
ATXN2 11.9 84.7 
ATXN2L 13.4 91.2 
 
ATXN3 13.6 71.1 
 
ATXN7 12.7 64.8 
ATXN7L2 12.0 67.1 
 
AUP1 14.5 81.1 
 
AURKA 13.8 70.9 
AURKAIP1 15.5 55.2 
 
AURKB 13.9 79.4 
 
AVIL 14.4 79.1 
AVL9 13.9 74.7 
 
AVP 14.6 72.7 
 
AVPI1 15.0 68.0 
AVPR1A 15.2 65.3 
 
AVPR1B 14.3 66.8 
 
AWAT1 17.3 72.0 
AWAT2 17.2 56.0 
 
AXIN1 13.5 78.6 
 
AXIN2 13.4 74.7 
AXL 13.5 73.2 
 
AZGP1 14.9 44.6 
 
AZI1 12.6 54.3 
AZIN1 19.0 90.4 
 
B2M 14.6 48.0 
 
B3GALNT2 13.9 83.2 
B3GALT1 21.6 98.5 
 
B3GALT2 17.2 91.5 
 
B3GALT4 15.3 68.0 
B3GALT5 16.5 46.6 
 
B3GALTL 14.7 62.9 
 
B3GAT2 13.5 84.0 
B3GAT3 15.2 92.9 
 
B3GNT2 14.6 80.9 
 
B3GNT3 15.5 54.2 
B3GNT8 13.5 56.0 
 
B3GNT9 15.5 59.0 
 
B4GALNT1 14.0 81.5 
B4GALNT2 15.6 50.4 
 
B4GALT1 14.9 60.4 
 
B4GALT2 15.8 88.5 
B4GALT3 16.8 93.0 
 
B4GALT4 16.1 70.7 
 
B4GALT5 18.5 74.3 
B4GALT6 20.2 93.2 
 
B4GALT7 18.0 51.9 
 
B9D2 20.6 89.2 
BACE1 16.8 80.9 
 
BACE2 14.6 69.9 
 
BACH1 13.2 67.0 
BACH2 13.0 66.3 
 
BAD 11.3 51.4 
 
BAG2 14.6 90.1 
BAG3 12.3 68.9 
 
BAG4 12.3 75.0 
 
BAG5 16.6 67.9 
BAHD1 12.3 78.4 
 
BAI3 13.4 88.1 
 
BAIAP2 15.5 75.7 
BAK1 16.0 69.8 
 
BAMBI 14.5 88.5 
 
BANP 13.2 74.9 
BARD1 13.9 49.3 
 
BARHL2 13.1 86.7 
 
BARX2 14.3 66.2 
BASP1 10.1 42.2 
 
BAT2 12.2 82.9 
 
BAT3 12.1 88.4 
BAT4 12.5 63.6 
 
BAT5 18.2 91.1 
 
BATF2 12.4 40.2 
BATF3 16.5 61.7 
 
BAX 13.0 91.2 
 
BAZ1A 14.2 77.3 
BAZ1B 14.0 80.6 
 
BAZ2A 13.5 65.7 
 
BAZ2B 13.0 78.1 
BBOX1 17.1 81.4 
 
BBS2 14.9 72.2 
 
BBS4 14.2 63.4 
BBS5 19.7 88.0 
 
BBS9 14.8 82.0 
 
BBX 13.0 80.7 
BCAM 13.6 52.1 
 
BCAN 13.1 72.8 
 
BCAP29 15.0 60.9 
BCAP31 13.8 65.0 
 
BCAR1 14.8 75.7 
 
BCAR3 15.2 73.8 
BCAS2 25.7 97.8 
 
BCAS3 16.1 86.4 
 
BCAT1 14.3 66.7 
BCAT2 14.5 73.1 
 
BCCIP 13.5 69.0 
 
BCHE 16.3 73.1 
BCKDHA 13.3 85.3 
 
BCKDHB 18.3 78.1 
 
BCKDK 15.4 75.3 
BCL10 11.8 87.2 
 
BCL2 15.5 82.2 
 
BCL2L1 14.6 95.7 
BCL2L11 13.1 67.4 
 
BCL3 13.0 52.5 
 
BCL6 15.6 91.1 
BCL7A 16.0 67.7 
 
BCL7B 14.8 83.7 
 
BCL7C 15.5 91.3 
BCL9L 13.1 79.2 
 
BCMO1 14.6 66.9 
 
BCO2 15.1 61.2 
BCORL1 12.7 80.9 
 
BCS1L 17.5 89.5 
 
BDH1 15.3 67.5 
BDH2 17.4 83.3 
 
BDKRB1 16.6 52.6 
 
BDKRB2 17.4 66.7 
BDNF 16.8 90.4 
 
BDP1 13.0 35.0 
 
BEND3 12.9 86.2 
BEND6 15.1 77.7 
 
BEST1 15.0 46.5 
 
BEST2 14.1 66.6 
BET1 17.6 88.2 
 
BET1L 19.8 84.8 
 
BFSP1 13.2 47.7 
BFSP2 13.6 75.1 
 
BGN 18.1 72.6 
 
BHLHE41 15.6 44.2 
BHMT 15.9 89.7 
 
BIN2 12.9 45.3 
 
BIN3 16.4 64.8 
BIRC3 14.5 60.7 
 
BIRC5 17.4 77.6 
 
BLK 14.7 78.9 
BLNK 16.0 68.8 
 
BLOC1S1 15.4 77.9 
 
BLOC1S3 11.8 80.9 
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BLVRB 14.4 86.5 
 
BLZF1 13.9 75.0 
 
BMI1 16.6 95.7 
BMP10 14.6 78.1 
 
BMP2 15.0 86.2 
 
BMP3 13.9 53.2 
BMP4 14.3 95.6 
 
BMP7 17.2 93.1 
 
BMPER 15.3 79.0 
BMPR1A 18.7 95.5 
 
BMPR1B 15.6 97.2 
 
BMS1 13.3 70.2 
BMX 15.4 61.8 
 
BNC1 13.7 69.7 
 
BNC2 13.5 87.3 
BNIP1 17.9 90.4 
 
BNIP3 16.5 82.7 
 
BNIP3L 16.4 77.3 
BNIPL 13.0 70.2 
 
BOC 13.9 66.7 
 
BOD1L 12.5 50.5 
BOLA1 13.5 69.6 
 
BOLA3 14.7 82.0 
 
BPGM 17.2 84.3 
BPHL 14.9 63.3 
 
BPI 16.1 37.5 
 
BPIL1 15.2 51.4 
BPIL2 15.3 60.9 
 
BPNT1 15.3 72.6 
 
BPTF 13.3 62.2 
BRAF 15.8 75.2 
 
BRAP 14.5 75.0 
 
BRCA1 13.4 41.2 
BRCC3 19.6 69.7 
 
BRD2 13.1 94.7 
 
BRD3 15.1 89.6 
BRD7 14.5 79.4 
 
BRD8 12.5 89.0 
 
BRD9 13.2 61.1 
BRF1 12.6 66.7 
 
BRF2 13.3 76.1 
 
BRI3 18.7 85.7 
BRMS1 15.8 89.1 
 
BRMS1L 22.6 99.4 
 
BRP44 18.7 89.1 
BRP44L 17.7 92.7 
 
BRPF1 15.0 93.9 
 
BRPF3 13.2 78.5 
BRS3 15.3 77.0 
 
BRSK1 13.2 88.8 
 
BRUNOL4 17.9 90.0 
BRUNOL5 16.8 73.4 
 
BRWD1 13.7 69.2 
 
BRWD2 14.1 82.0 
BRWD3 13.5 91.7 
 
BSCL2 13.8 68.1 
 
BSDC1 13.3 79.5 
BST1 15.0 57.3 
 
BST2 14.2 15.4 
 
BSX 13.1 91.5 
BTBD10 17.8 88.3 
 
BTBD11 15.0 81.4 
 
BTBD12 12.8 33.6 
BTBD16 16.2 52.6 
 
BTBD3 17.5 84.8 
 
BTBD6 17.5 87.2 
BTBD9 13.9 79.6 
 
BTC 14.3 56.5 
 
BTD 15.0 66.9 
BTF3 14.9 74.4 
 
BTF3L4 16.6 98.1 
 
BTG2 16.8 59.9 
BTG3 16.7 91.3 
 
BTG4 14.3 58.3 
 
BTK 14.7 96.8 
BTN1A1 15.0 58.2 
 
BTN2A2 15.3 50.5 
 
BTNL2 14.8 41.4 
BTRC 20.0 87.5 
 
BUB1B 14.1 64.1 
 
BUB3 26.0 75.2 
BUD13 12.8 62.9 
 
BUD31 26.1 71.0 
 
BXDC1 16.6 88.9 
BXDC5 20.8 78.0 
 
BZW2 20.3 98.1 
 
C1GALT1 16.3 80.8 
C1QA 13.8 45.4 
 
C1QB 15.0 52.0 
 
C1QBP 13.4 72.9 
C1QC 14.7 65.2 
 
C1QL2 13.4 92.0 
 
C1QTNF1 14.5 58.8 
C1QTNF3 20.1 94.3 
 
C1QTNF7 14.4 47.3 
 
C1QTNF9 14.3 55.9 
C1RL 13.9 52.3 
 
C1S 14.7 60.1 
 
C2CD2 13.6 56.0 
C2CD2L 15.1 85.0 
 
C2CD3 14.4 49.8 
 
C3 14.7 57.9 
C3AR1 15.9 50.2 
 
C5AR1 16.8 51.1 
 
C6 14.5 52.8 
C7 14.0 49.9 
 
C8A 14.3 60.0 
 
C8B 14.9 64.5 
C8G 13.9 40.8 
 
C9 15.6 40.5 
 
CAB39 17.1 98.3 
CAB39L 15.7 84.6 
 
CABC1 14.7 65.7 
 
CABIN1 13.8 57.3 
CABLES2 13.5 64.9 
 
CABP4 12.5 61.4 
 
CABP5 15.2 89.7 
CACHD1 17.4 90.2 
 
CACNA1B 13.8 73.3 
 
CACNA1C 14.6 76.1 
CACNA1E 13.0 86.7 
 
CACNA1F 14.3 74.7 
 
CACNA1G 13.3 89.5 
CACNA1H 13.9 67.0 
 
CACNA1I 13.2 79.6 
 
CACNA2D1 15.4 87.2 
CACNB1 14.0 92.5 
 
CACNB2 13.0 80.7 
 
CACNB4 15.6 88.6 
CACNG1 16.6 69.8 
 
CACNG2 19.7 98.5 
 
CACNG3 23.5 97.8 
CACNG4 16.6 60.4 
 
CACNG5 16.8 69.7 
 
CACNG6 13.9 75.3 
CACYBP 17.5 88.3 
 
CADM1 20.4 74.4 
 
CADM2 19.6 85.0 
CADM3 14.1 65.4 
 
CADM4 16.4 85.8 
 
CADPS 21.8 91.5 
CADPS2 16.7 82.3 
 
CALB1 18.1 89.7 
 
CALCB 14.9 38.2 
CALCOCO1 12.9 81.0 
 
CALCR 16.7 46.6 
 
CALCRL 17.7 70.7 
CALHM1 13.0 85.2 
 
CALHM2 13.6 86.7 
 
CALM1 19.3 80.3 
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CALM2 18.5 98.0 
 
CALM3 23.8 99.3 
 
CALR 12.0 89.3 
CALR3 14.4 73.8 
 
CALU 19.6 97.2 
 
CAMK1 14.8 91.7 
CAMK1G 14.6 81.6 
 
CAMK2A 19.6 99.4 
 
CAMK2D 20.4 89.7 
CAMK2G 25.9 99.8 
 
CAMKK1 13.2 84.0 
 
CAMKK2 15.0 77.8 
CAMKV 14.6 87.8 
 
CAMP 15.0 31.3 
 
CAMSAP1 13.8 70.1 
CAND1 16.7 83.3 
 
CANT1 13.8 81.2 
 
CAP1 15.8 89.3 
CAP2 14.5 79.9 
 
CAPG 15.4 84.6 
 
CAPN1 17.5 86.3 
CAPN10 14.6 62.0 
 
CAPN11 15.6 36.9 
 
CAPN2 14.2 79.2 
CAPN3 14.1 88.6 
 
CAPN5 16.1 86.7 
 
CAPN6 15.6 90.5 
CAPN7 15.7 93.2 
 
CAPNS1 17.6 89.7 
 
CAPRIN1 15.6 93.5 
CAPRIN2 13.4 54.2 
 
CAPZA1 15.4 95.1 
 
CAPZA2 23.5 97.6 
CAPZA3 16.0 84.7 
 
CAPZB 21.5 89.7 
 
CARD10 13.0 78.3 
CARD11 14.2 83.8 
 
CARD14 14.0 62.7 
 
CARD9 13.5 58.9 
CARKD 13.3 47.2 
 
CARM1 18.2 73.3 
 
CARS 14.3 76.7 
CARS2 14.1 45.0 
 
CASC1 14.9 35.0 
 
CASC3 12.4 86.9 
CASC4 13.5 64.3 
 
CASD1 18.4 70.4 
 
CASK 21.0 97.5 
CASKIN1 11.9 70.2 
 
CASKIN2 11.9 84.1 
 
CASP14 13.9 57.9 
CASP2 13.5 80.4 
 
CASP3 14.9 74.5 
 
CASP4 15.3 39.7 
CASP6 18.3 79.1 
 
CASP7 14.4 63.0 
 
CASP8 15.1 53.8 
CASP9 14.4 60.4 
 
CASQ1 18.5 86.0 
 
CASQ2 14.3 65.6 
CASR 15.0 88.4 
 
CASS4 13.9 42.0 
 
CAST 12.5 48.1 
CAT 14.6 85.2 
 
CATSPER2 15.9 55.6 
 
CATSPER3 17.2 51.7 
CATSPER4 16.2 43.0 
 
CAV1 19.6 92.7 
 
CAV2 19.0 73.6 
CAV3 24.4 92.1 
 
CBFA2T2 16.4 90.8 
 
CBFA2T3 13.2 69.8 
CBFB 18.9 76.6 
 
CBLB 16.0 89.2 
 
CBLC 13.9 57.6 
CBLL1 13.5 90.9 
 
CBLN1 20.7 98.5 
 
CBLN3 13.6 84.5 
CBLN4 16.3 92.6 
 
CBR1 13.4 59.9 
 
CBR4 15.8 76.5 
CBX1 24.6 99.5 
 
CBX2 13.1 66.5 
 
CBX3 24.9 99.5 
CBX5 19.3 96.4 
 
CBX8 13.7 81.5 
 
CBY1 14.0 51.8 
CC2D1A 12.3 78.1 
 
CC2D1B 12.7 68.3 
 
CC2D2A 14.0 63.6 
CCAR1 13.7 93.6 
 
CCBE1 13.9 61.7 
 
CCBL1 15.5 66.7 
CCBL2 15.5 71.9 
 
CCBP2 16.0 59.3 
 
CCDC101 19.7 79.6 
CCDC102A 12.0 68.9 
 
CCDC103 13.9 66.7 
 
CCDC104 16.0 79.1 
CCDC109B 15.4 60.1 
 
CCDC11 13.9 30.2 
 
CCDC110 14.7 52.5 
CCDC111 15.5 52.9 
 
CCDC112 14.4 49.3 
 
CCDC113 14.6 63.1 
CCDC115 13.1 65.8 
 
CCDC117 14.9 71.8 
 
CCDC12 13.7 84.0 
CCDC120 12.4 80.3 
 
CCDC124 13.3 83.9 
 
CCDC125 14.7 55.3 
CCDC130 12.9 62.6 
 
CCDC132 16.5 90.0 
 
CCDC135 14.6 72.2 
CCDC137 13.1 57.5 
 
CCDC142 13.7 55.9 
 
CCDC147 13.7 8.3 
CCDC148 15.0 59.5 
 
CCDC151 14.2 51.1 
 
CCDC155 13.5 54.8 
CCDC18 14.0 30.3 
 
CCDC21 13.6 77.4 
 
CCDC22 13.2 77.2 
CCDC25 21.1 76.3 
 
CCDC37 13.8 35.3 
 
CCDC39 14.4 55.2 
CCDC40 13.6 10.1 
 
CCDC44 13.2 69.2 
 
CCDC45 13.9 47.8 
CCDC47 15.8 95.9 
 
CCDC51 13.9 67.7 
 
CCDC52 13.6 51.2 
CCDC53 13.3 84.1 
 
CCDC55 13.1 61.9 
 
CCDC56 12.7 76.2 
CCDC58 13.4 72.0 
 
CCDC59 13.7 55.1 
 
CCDC61 14.6 64.9 
CCDC63 14.8 56.1 
 
CCDC64B 11.5 59.5 
 
CCDC65 14.6 71.3 
CCDC66 14.1 45.4 
 
CCDC67 14.3 18.5 
 
CCDC68 14.6 50.0 
CCDC71 13.2 59.5 
 
CCDC73 14.1 30.6 
 
CCDC75 15.9 82.3 
CCDC76 14.7 77.9 
 
CCDC77 14.3 49.4 
 
CCDC8 11.8 41.4 
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CCDC81 14.6 44.5 
 
CCDC84 14.4 78.4 
 
CCDC85B 15.9 95.6 
CCDC87 14.8 42.4 
 
CCDC88A 14.6 92.0 
 
CCDC88B 12.0 48.8 
CCDC89 12.4 44.5 
 
CCDC90B 14.4 73.9 
 
CCDC91 15.8 66.4 
CCDC92 13.0 72.7 
 
CCDC94 12.3 72.3 
 
CCDC96 12.9 40.5 
CCDC97 12.0 76.5 
 
CCDC99 14.0 26.9 
 
CCHCR1 13.1 55.3 
CCIN 17.3 74.2 
 
CCK 14.9 69.8 
 
CCKAR 14.7 79.4 
CCKBR 14.1 80.1 
 
CCL24 14.7 36.7 
 
CCL25 16.2 22.7 
CCL28 15.4 50.4 
 
CCM2 13.4 79.7 
 
CCNA1 16.7 72.3 
CCNA2 14.0 79.5 
 
CCNB2 14.9 83.5 
 
CCNC 22.7 90.5 
CCND1 16.3 87.2 
 
CCND2 16.0 88.3 
 
CCND3 15.5 71.7 
CCNDBP1 13.9 68.2 
 
CCNE1 14.5 63.2 
 
CCNE2 16.4 75.8 
CCNG1 17.8 87.8 
 
CCNG2 20.3 74.2 
 
CCNH 18.7 71.2 
CCNI 19.3 90.8 
 
CCNJ 16.7 88.5 
 
CCNL2 13.3 83.2 
CCNT1 16.3 82.8 
 
CCNT2 15.8 83.8 
 
CCNY 17.4 76.2 
CCNYL1 23.5 76.1 
 
CCPG1 13.5 51.8 
 
CCR1 17.4 67.1 
CCR10 15.1 82.8 
 
CCR2 16.0 65.0 
 
CCR3 17.3 57.6 
CCR4 18.3 78.7 
 
CCR5 17.7 70.1 
 
CCR6 16.1 64.2 
CCR7 16.7 82.4 
 
CCR8 17.2 62.9 
 
CCR9 16.2 74.1 
CCRK 15.6 90.2 
 
CCRL1 17.3 74.9 
 
CCRL2 16.9 33.8 
CCRN4L 13.0 71.8 
 
CCS 15.6 54.0 
 
CCT2 15.3 96.1 
CCT4 15.5 94.1 
 
CCT5 15.4 94.3 
 
CCT6B 15.0 79.1 
CCT8 17.0 94.0 
 
CD109 15.3 57.3 
 
CD14 13.6 39.0 
CD151 18.0 86.2 
 
CD163 13.9 62.4 
 
CD164 13.9 44.6 
CD180 15.9 55.5 
 
CD200 16.3 50.9 
 
CD27 14.9 46.3 
CD274 15.0 42.8 
 
CD28 16.4 58.7 
 
CD2AP 13.9 75.1 
CD2BP2 11.9 83.5 
 
CD300A 15.0 25.3 
 
CD300C 14.8 21.5 
CD320 13.5 28.9 
 
CD34 13.7 45.1 
 
CD36 15.4 74.2 
CD37 15.7 67.7 
 
CD38 15.5 30.7 
 
CD3E 14.8 43.5 
CD3EAP 12.9 29.7 
 
CD4 15.1 28.1 
 
CD40 14.8 43.2 
CD40LG 17.0 65.7 
 
CD44 13.7 66.7 
 
CD48 16.0 33.5 
CD5 14.0 40.9 
 
CD53 17.1 70.5 
 
CD55 15.0 24.4 
CD5L 14.8 36.9 
 
CD6 13.6 50.2 
 
CD63 14.7 70.7 
CD68 13.7 44.9 
 
CD69 15.6 28.1 
 
CD7 14.9 27.8 
CD70 14.7 43.3 
 
CD72 14.2 34.4 
 
CD80 15.9 28.4 
CD83 14.1 51.9 
 
CD86 15.2 31.0 
 
CD8A 15.4 37.5 
CD9 15.8 69.0 
 
CD96 15.2 41.1 
 
CD97 15.4 39.2 
CDA 15.6 68.0 
 
CDADC1 14.0 79.0 
 
CDC123 16.3 67.9 
CDC14A 16.5 70.1 
 
CDC14B 18.0 52.1 
 
CDC16 15.0 93.7 
CDC20 12.3 92.0 
 
CDC20B 15.0 47.9 
 
CDC23 13.9 94.7 
CDC25A 13.6 78.4 
 
CDC25B 13.1 70.7 
 
CDC25C 15.3 50.1 
CDC27 17.4 96.6 
 
CDC2L5 14.5 78.0 
 
CDC2L6 12.5 77.5 
CDC34 18.8 74.1 
 
CDC37 14.5 91.6 
 
CDC37L1 16.2 79.3 
CDC40 12.8 97.6 
 
CDC42 26.2 99.5 
 
CDC42BPG 12.9 65.5 
CDC42EP2 15.4 79.5 
 
CDC42EP3 13.9 87.8 
 
CDC42EP4 12.4 63.7 
CDC42EP5 11.3 65.4 
 
CDC45L 14.7 74.3 
 
CDC5L 18.0 85.6 
CDC6 14.8 71.8 
 
CDC7 14.5 56.3 
 
CDCA2 13.4 25.2 
CDCA3 12.2 58.5 
 
CDCA4 12.6 37.7 
 
CDCA7 15.5 53.3 
CDCA8 13.6 66.4 
 
CDCP1 14.3 68.4 
 
CDH1 14.6 64.0 
CDH10 16.5 94.4 
 
CDH12 16.6 73.5 
 
CDH13 15.3 84.9 
CDH15 13.6 49.8 
 
CDH16 13.7 57.8 
 
CDH17 14.8 58.6 
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CDH2 13.5 79.8 
 
CDH20 16.8 92.6 
 
CDH22 13.4 89.1 
CDH26 14.4 39.6 
 
CDH3 14.8 55.4 
 
CDH5 15.0 63.5 
CDH6 16.4 68.3 
 
CDH7 18.5 88.3 
 
CDH9 15.3 86.1 
CDIPT 18.7 91.1 
 
CDK10 17.2 88.2 
 
CDK2 17.8 98.0 
CDK2AP1 15.2 90.5 
 
CDK2AP2 16.0 96.1 
 
CDK4 14.7 92.8 
CDK5 21.5 85.5 
 
CDK5R1 19.4 96.8 
 
CDK5R2 13.5 73.2 
CDK5RAP1 14.4 79.4 
 
CDK5RAP2 13.5 45.5 
 
CDK5RAP3 14.6 65.2 
CDK6 16.3 92.7 
 
CDK7 20.5 87.0 
 
CDKAL1 14.6 83.3 
CDKL1 17.8 81.5 
 
CDKL2 15.0 65.3 
 
CDKL3 15.6 58.6 
CDKL4 16.3 74.4 
 
CDKN1A 13.2 52.2 
 
CDKN1B 15.0 78.9 
CDKN2AIPNL 19.1 93.2 
 
CDKN2C 14.7 87.6 
 
CDKN2D 14.8 79.6 
CDKN3 17.6 67.1 
 
CDNF 14.3 62.8 
 
CDO1 15.1 87.6 
CDON 14.0 70.7 
 
CDR2 12.5 76.9 
 
CDR2L 12.4 89.9 
CDRT4 15.5 32.6 
 
CDS2 15.8 88.4 
 
CDSN 13.0 44.4 
CDT1 13.0 54.4 
 
CDX1 14.9 74.7 
 
CDX2 12.4 86.0 
CDYL 13.2 80.5 
 
CDYL2 13.1 74.3 
 
CEACAM20 14.5 20.3 
CEBPD 11.4 62.4 
 
CEBPE 13.9 89.0 
 
CEBPZ 13.9 74.1 
CEL 15.0 52.9 
 
CELA1 13.8 71.5 
 
CELA3B 13.6 74.5 
CELSR1 13.9 61.1 
 
CELSR2 15.7 92.6 
 
CENPH 13.9 35.8 
CENPI 15.9 54.7 
 
CENPJ 13.9 58.9 
 
CENPK 14.9 58.0 
CENPL 15.5 57.0 
 
CENPM 14.1 68.5 
 
CENPO 14.5 54.8 
CENPQ 14.1 49.8 
 
CENPT 12.4 25.8 
 
CEP120 14.3 63.3 
CEP135 14.9 53.6 
 
CEP170 12.9 84.7 
 
CEP350 13.9 72.5 
CEP57 13.5 80.1 
 
CEP68 13.0 33.1 
 
CEP72 13.4 41.9 
CEP76 17.9 91.2 
 
CEP78 14.0 58.0 
 
CEP97 13.8 67.4 
CEPT1 20.5 96.9 
 
CER1 14.7 53.8 
 
CERCAM 13.8 78.7 
CES1 15.1 60.7 
 
CES2 15.0 49.7 
 
CES7 15.9 57.5 
CETN1 15.4 85.6 
 
CETN2 15.2 73.6 
 
CETN3 14.7 97.0 
CFB 14.6 68.1 
 
CFDP1 12.0 74.3 
 
CFH 15.7 42.5 
CFI 15.2 50.2 
 
CFL1 14.9 98.2 
 
CFL2 19.2 98.8 
CFLAR 15.2 51.8 
 
CFP 13.5 57.4 
 
CFTR 15.4 71.4 
CGA 16.5 69.4 
 
CGN 12.2 68.8 
 
CGREF1 12.8 38.4 
CGRRF1 16.0 81.1 
 
CH25H 17.5 55.2 
 
CHAC1 11.9 69.2 
CHAF1A 13.2 48.4 
 
CHAF1B 14.1 60.5 
 
CHCHD1 14.1 71.4 
CHCHD3 15.7 82.5 
 
CHCHD4 13.7 76.9 
 
CHD1 14.6 94.2 
CHD1L 13.8 68.6 
 
CHD4 12.8 81.4 
 
CHD5 13.8 89.0 
CHD7 12.9 86.7 
 
CHD8 14.5 84.7 
 
CHD9 14.3 87.8 
CHDH 13.9 74.7 
 
CHEK1 17.2 86.6 
 
CHEK2 14.0 74.9 
CHERP 15.0 79.7 
 
CHFR 13.6 63.7 
 
CHGB 12.9 41.5 
CHI3L1 15.4 58.9 
 
CHIA 14.2 65.6 
 
CHIC2 21.8 75.6 
CHID1 15.1 52.3 
 
CHKA 15.9 58.7 
 
CHKB 15.3 78.8 
CHL1 14.6 75.7 
 
CHM 14.3 71.3 
 
CHML 14.7 64.6 
CHMP1A 17.3 95.4 
 
CHMP2A 15.2 97.3 
 
CHMP4B 14.8 69.0 
CHMP4C 14.8 74.8 
 
CHMP7 15.6 69.5 
 
CHN2 16.5 62.6 
CHODL 18.2 88.3 
 
CHPF 14.6 90.5 
 
CHPT1 17.2 81.6 
CHRDL2 14.0 50.6 
 
CHRM1 18.1 91.1 
 
CHRM2 14.4 94.7 
CHRM3 15.1 79.0 
 
CHRM5 13.8 80.9 
 
CHRNA1 17.0 92.4 
CHRNA2 14.9 71.6 
 
CHRNA3 14.5 73.4 
 
CHRNA4 14.2 66.2 
CHRNA5 17.9 58.5 
 
CHRNA6 15.3 58.2 
 
CHRNA7 16.3 88.9 
CHRNB1 16.6 82.6 
 
CHRNB2 13.9 85.3 
 
CHRNB3 16.3 67.7 
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CHRNB4 15.4 72.8 
 
CHRND 14.6 81.6 
 
CHRNE 14.0 79.4 
CHRNG 14.6 83.7 
 
CHST1 13.4 93.2 
 
CHST10 17.3 77.4 
CHST11 18.4 83.9 
 
CHST12 15.6 70.4 
 
CHST13 14.4 62.0 
CHST14 13.7 74.6 
 
CHST2 19.9 75.7 
 
CHST3 14.0 76.4 
CHST7 12.7 76.0 
 
CHST9 15.1 57.9 
 
CHSY1 13.3 85.1 
CHSY3 15.7 87.3 
 
CHTF18 13.6 59.6 
 
CHUK 16.8 93.6 
CHURC1 20.8 88.6 
 
CIAO1 16.6 90.0 
 
CIAPIN1 15.8 74.1 
CIB3 15.3 76.2 
 
CIDEA 15.4 54.2 
 
CIDEC 14.3 62.1 
CILP 14.2 62.7 
 
CILP2 12.7 71.3 
 
CISD1 17.9 76.2 
CITED2 13.7 90.9 
 
CIZ1 12.5 46.7 
 
CKAP2 14.1 30.4 
CKAP2L 13.8 44.4 
 
CKAP4 12.8 38.1 
 
CKAP5 14.3 91.2 
CKB 14.4 91.7 
 
CKM 17.0 73.0 
 
CKMT2 16.2 93.8 
CLASP2 12.2 78.2 
 
CLCA1 14.7 45.2 
 
CLCA2 14.8 35.8 
CLCA4 14.8 41.4 
 
CLCC1 15.4 56.7 
 
CLCN1 14.5 79.0 
CLCN2 13.8 89.0 
 
CLCN3 18.6 92.9 
 
CLCN5 16.5 72.7 
CLCN6 18.6 88.8 
 
CLCN7 14.6 89.9 
 
CLDN1 19.4 85.9 
CLDN12 17.6 89.0 
 
CLDN16 15.8 65.7 
 
CLDN17 18.8 69.0 
CLDN18 15.0 80.0 
 
CLDN2 18.1 86.2 
 
CLDN22 15.4 60.2 
CLDN3 15.1 85.5 
 
CLDN4 18.3 76.4 
 
CLDN5 19.3 63.6 
CLDN6 16.5 80.6 
 
CLDN7 17.9 83.0 
 
CLDN8 15.9 73.5 
CLDN9 17.2 92.7 
 
CLDND1 16.4 80.9 
 
CLDND2 17.6 54.8 
CLEC11A 12.2 71.3 
 
CLEC12A 15.8 35.3 
 
CLEC12B 15.1 47.7 
CLEC14A 13.8 54.3 
 
CLEC1A 14.3 48.6 
 
CLEC1B 16.2 38.9 
CLEC2D 16.5 23.4 
 
CLEC3A 16.6 65.6 
 
CLEC4E 16.2 51.8 
CLEC4F 14.3 26.0 
 
CLEC4G 14.2 50.5 
 
CLEC7A 15.0 48.0 
CLEC9A 15.3 46.3 
 
CLGN 15.1 73.3 
 
CLIC1 17.9 95.9 
CLIC3 15.4 73.3 
 
CLIC4 16.9 97.2 
 
CLINT1 15.4 78.3 
CLIP1 13.6 73.7 
 
CLIP2 13.2 67.6 
 
CLIP4 13.9 52.7 
CLK2 18.2 89.0 
 
CLK4 18.2 95.4 
 
CLN3 13.9 54.7 
CLN5 15.9 58.6 
 
CLN6 17.8 82.8 
 
CLN8 16.6 65.1 
CLNS1A 14.1 85.2 
 
CLP1 20.2 98.4 
 
CLPB 16.4 80.4 
CLPP 12.9 81.3 
 
CLPS 14.1 58.8 
 
CLPTM1 16.0 90.8 
CLPTM1L 16.3 83.0 
 
CLPX 19.2 91.6 
 
CLRN1 18.7 82.0 
CLRN2 14.6 69.9 
 
CLSPN 13.0 54.9 
 
CLSTN1 14.7 69.2 
CLSTN3 15.6 80.8 
 
CLTA 14.7 93.6 
 
CLTC 19.3 99.7 
CLU 14.5 57.8 
 
CLUAP1 14.0 71.6 
 
CMA1 14.4 57.2 
CMAS 17.0 90.3 
 
CMBL 18.8 73.2 
 
CMC1 19.8 82.2 
CMKLR1 16.8 66.6 
 
CMPK1 14.2 73.4 
 
CMTM5 19.9 75.8 
CMTM6 14.9 58.7 
 
CMTM8 19.2 89.1 
 
CNBP 16.1 94.4 
CNDP1 15.0 53.4 
 
CNDP2 18.4 85.7 
 
CNGA1 16.8 75.9 
CNGA2 16.9 88.6 
 
CNGA3 15.8 65.8 
 
CNGA4 17.0 87.7 
CNGB3 15.4 49.2 
 
CNIH 21.1 88.8 
 
CNIH4 23.8 77.1 
CNKSR1 12.9 62.9 
 
CNN1 18.8 97.0 
 
CNN2 16.2 91.0 
CNN3 14.0 84.5 
 
CNNM2 16.3 77.3 
 
CNNM4 15.2 69.1 
CNO 13.2 62.3 
 
CNOT10 15.7 93.0 
 
CNOT2 20.7 73.0 
CNOT3 11.6 90.5 
 
CNOT4 14.0 84.3 
 
CNOT6 15.6 93.9 
CNOT7 19.4 99.3 
 
CNOT8 22.6 99.0 
 
CNP 14.8 58.2 
CNPY2 20.9 95.6 
 
CNPY3 14.2 80.4 
 
CNPY4 13.0 73.2 
CNTFR 15.7 91.2 
 
CNTLN 14.2 54.3 
 
CNTN1 18.3 91.5 
CNTN3 17.1 70.3 
 
COASY 14.5 81.6 
 
COBLL1 13.2 42.7 
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COG1 13.7 65.0 
 
COG4 14.3 91.7 
 
COG6 16.9 82.7 
COG7 14.2 77.2 
 
COG8 13.4 76.0 
 
COIL 13.6 53.6 
COL10A1 13.7 71.1 
 
COL11A2 12.7 86.5 
 
COL13A1 11.8 71.1 
COL16A1 12.8 65.6 
 
COL17A1 13.5 55.7 
 
COL1A1 12.9 90.6 
COL1A2 14.1 85.4 
 
COL20A1 13.6 46.1 
 
COL22A1 12.9 74.5 
COL23A1 11.4 49.1 
 
COL24A1 13.9 66.8 
 
COL25A1 13.1 40.3 
COL3A1 13.8 85.0 
 
COL4A1 13.5 81.9 
 
COL4A3 13.4 68.7 
COL4A3BP 19.1 95.0 
 
COL4A5 13.5 86.3 
 
COL4A6 13.5 71.2 
COL5A3 13.1 76.2 
 
COL8A1 14.6 82.0 
 
COLEC10 15.3 84.2 
COLEC11 14.7 78.8 
 
COLEC12 13.8 68.9 
 
COMMD1 13.6 77.5 
COMMD2 14.8 89.0 
 
COMMD3 17.2 82.7 
 
COMMD4 14.9 83.0 
COMMD7 19.0 67.9 
 
COMMD8 16.0 71.7 
 
COMMD9 15.7 84.4 
COMP 13.1 86.4 
 
COPA 19.8 95.2 
 
COPB1 17.0 88.9 
COPB2 18.3 97.5 
 
COPE 15.5 88.0 
 
COPG 16.3 95.1 
COPG2 16.2 88.9 
 
COPS2 22.2 98.0 
 
COPS3 18.9 97.6 
COPS4 19.9 99.0 
 
COPS5 22.1 98.8 
 
COPS6 19.2 95.7 
COPS7A 14.8 71.9 
 
COPS7B 14.9 97.7 
 
COPS8 17.7 91.9 
COQ10A 21.0 68.3 
 
COQ2 15.1 67.9 
 
COQ3 14.9 62.3 
COQ5 15.4 75.2 
 
COQ6 15.2 79.9 
 
COQ7 18.6 69.7 
COQ9 13.2 80.4 
 
CORIN 14.3 66.1 
 
CORO1A 16.3 85.7 
CORO1C 17.0 96.0 
 
CORO2A 15.3 69.7 
 
CORO6 15.6 86.1 
CORO7 13.3 68.2 
 
COX4NB 20.9 89.6 
 
COX5B 15.9 76.9 
CP 15.5 69.9 
 
CPA1 14.8 69.8 
 
CPA3 14.9 71.3 
CPA5 14.5 59.2 
 
CPAMD8 15.0 18.5 
 
CPB1 15.3 62.4 
CPB2 17.2 67.2 
 
CPE 15.4 72.8 
 
CPEB2 18.0 69.0 
CPEB3 13.4 93.1 
 
CPLX1 15.2 82.9 
 
CPLX2 22.2 99.3 
CPLX3 15.1 87.1 
 
CPN1 15.0 73.3 
 
CPN2 14.9 41.8 
CPNE1 15.0 85.6 
 
CPNE3 18.4 68.4 
 
CPNE5 14.4 96.5 
CPNE6 17.7 95.5 
 
CPNE7 17.1 71.5 
 
CPNE8 16.7 94.5 
CPNE9 14.8 62.1 
 
CPPED1 14.5 55.0 
 
CPS1 16.5 91.9 
CPSF1 15.7 87.8 
 
CPSF2 19.4 97.7 
 
CPSF3 21.0 98.3 
CPSF3L 18.4 89.5 
 
CPSF4 17.0 84.1 
 
CPSF6 18.0 87.1 
CPSF7 14.3 86.5 
 
CPT1B 15.0 80.0 
 
CPT1C 14.9 75.8 
CPT2 14.8 74.4 
 
CPVL 16.3 54.1 
 
CPXM2 13.8 78.9 
CPZ 14.5 54.0 
 
CRABP1 16.8 33.6 
 
CRABP2 20.4 89.2 
CRAMP1L 13.1 66.2 
 
CRAT 15.4 84.7 
 
CRB1 14.7 54.6 
CRBN 17.7 90.8 
 
CREB1 16.0 97.9 
 
CREB3 13.9 45.2 
CREB3L1 15.7 60.5 
 
CREB3L2 12.3 64.4 
 
CREB3L3 13.0 42.7 
CREB3L4 13.7 50.1 
 
CREB5 18.4 66.7 
 
CREBBP 14.4 87.7 
CREBL2 16.6 90.3 
 
CREBZF 13.1 63.9 
 
CRELD1 13.1 82.1 
CRH 15.0 56.6 
 
CRHR1 18.2 94.2 
 
CRHR2 16.3 79.1 
CRIM1 15.0 83.4 
 
CRIP3 14.9 83.9 
 
CRIPT 20.1 98.0 
CRISP1 15.2 30.2 
 
CRISP2 15.6 59.5 
 
CRISP3 16.0 30.7 
CRISPLD1 16.8 90.8 
 
CRISPLD2 15.0 51.6 
 
CRKRS 13.8 74.0 
CRLF1 15.7 73.0 
 
CRLF3 15.9 69.4 
 
CRLS1 14.0 77.6 
CRMP1 18.0 71.0 
 
CRNKL1 17.6 74.0 
 
CROT 15.9 72.3 
CRP 16.7 31.2 
 
CRTAM 14.6 49.2 
 
CRTAP 13.9 81.8 
CRTC2 12.6 83.5 
 
CRTC3 13.1 71.4 
 
CRX 15.1 92.0 
CRY1 15.4 91.6 
 
CRY2 13.9 81.8 
 
CRYAA 17.8 81.2 
CRYAB 18.1 95.5 
 
CRYBA1 16.7 92.1 
 
CRYBA4 16.5 82.9 
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CRYBB1 13.4 74.2 
 
CRYBB2 18.0 94.7 
 
CRYGS 18.5 82.7 
CRYM 14.2 83.8 
 
CS 15.9 92.1 
 
CSDE1 17.2 88.3 
CSF1 13.5 51.0 
 
CSF2 15.4 42.8 
 
CSF2RB 14.1 37.2 
CSGALNACT
2 16.9 89.0 
 
CSK 21.7 94.2 
 
CSN2 15.0 27.2 
CSNK1A1 27.7 96.2 
 
CSNK1D 22.9 92.9 
 
CSNK1E 13.8 68.4 
CSNK1G1 16.0 79.6 
 
CSNK1G2 12.8 84.7 
 
CSNK2A1 19.6 98.2 
CSNK2A2 21.8 89.5 
 
CSNK2B 26.8 70.5 
 
CSPG4 13.4 58.5 
CSPG5 12.9 68.1 
 
CSPP1 14.2 53.3 
 
CSRNP1 13.2 63.5 
CSRNP2 14.2 84.9 
 
CSRP1 18.7 89.7 
 
CSRP2BP 17.3 90.8 
CSRP3 19.8 95.4 
 
CST11 17.0 35.0 
 
CST6 15.1 52.0 
CST7 15.3 45.0 
 
CST8 16.6 35.6 
 
CSTF1 20.0 99.1 
CSTF2 14.0 88.8 
 
CTAGE5 13.9 66.5 
 
CTBP1 19.5 71.4 
CTBS 15.1 52.1 
 
CTCF 17.6 97.2 
 
CTDP1 12.7 52.1 
CTDSP1 19.6 96.2 
 
CTDSPL 15.7 67.9 
 
CTF1 12.8 65.6 
CTH 13.5 78.1 
 
CTLA4 14.8 69.2 
 
CTNNA3 14.4 51.3 
CTNNB1 15.4 99.6 
 
CTNND1 14.5 90.8 
 
CTNND2 14.3 81.1 
CTNS 17.2 72.0 
 
CTPS2 17.9 87.2 
 
CTRB1 17.3 74.0 
CTRC 15.7 67.3 
 
CTSA 15.8 74.4 
 
CTSB 15.4 55.6 
CTSC 15.2 62.4 
 
CTSD 14.4 71.3 
 
CTSF 15.2 63.7 
CTSG 14.1 39.2 
 
CTSH 15.3 65.6 
 
CTSK 17.9 81.3 
CTSS 15.2 65.4 
 
CTSW 15.3 36.6 
 
CTSZ 14.5 56.7 
CTTN 12.9 82.6 
 
CTTNBP2NL 13.2 72.0 
 
CUBN 14.7 60.8 
CUEDC2 13.6 77.4 
 
CUGBP1 16.6 93.0 
 
CUL1 16.9 78.0 
CUL2 16.7 91.4 
 
CUL3 18.3 96.5 
 
CUL4A 18.1 65.9 
CUL4B 14.9 85.3 
 
CUL5 20.9 93.5 
 
CUL7 13.8 71.1 
CUTA 14.4 72.8 
 
CUTC 14.9 73.0 
 
CUX2 12.4 73.7 
CWC15 15.0 97.4 
 
CWC22 12.9 79.1 
 
CWF19L1 14.7 86.1 
CWF19L2 14.4 62.0 
 
CX3CR1 17.7 54.1 
 
CXADR 16.4 71.5 
CXCL13 16.0 28.8 
 
CXCL16 14.5 20.1 
 
CXCL5 14.2 34.6 
CXCR3 15.6 73.7 
 
CXCR4 19.7 79.8 
 
CXCR5 15.9 76.3 
CXCR6 17.1 62.2 
 
CXCR7 19.3 85.1 
 
CXXC1 13.3 93.7 
CXXC5 12.7 77.6 
 
CYB5R1 16.3 81.7 
 
CYB5R3 18.7 77.5 
CYBA 15.5 77.6 
 
CYBB 15.3 85.2 
 
CYCS 17.1 86.8 
CYFIP2 22.3 96.9 
 
CYGB 16.8 60.2 
 
CYHR1 14.4 71.2 
CYLD 16.3 92.2 
 
CYP1A2 15.2 60.7 
 
CYP1B1 14.2 70.6 
CYP2E1 16.5 63.7 
 
CYR61 16.0 85.4 
 
CYSLTR1 16.1 32.2 
CYSLTR2 17.6 48.7 
 
CYTH2 17.9 96.4 
 
CYTH4 13.4 77.5 
CYTIP 14.7 68.4 
 
CYTL1 14.4 59.6 
 
CYTSA 15.4 69.9 
CYTSB 13.1 65.1 
 
D2HGDH 14.4 65.5 
 
DAAM1 16.8 94.4 
DAAM2 14.6 85.5 
 
DAB1 14.9 70.3 
 
DAB2 13.4 73.5 
DAB2IP 15.1 76.7 
 
DAD1 16.5 97.4 
 
DAG1 14.1 87.7 
DAGLB 14.8 69.5 
 
DAK 13.3 80.1 
 
DAO 15.7 67.2 
DAP 18.7 91.3 
 
DAPK1 14.2 91.6 
 
DAPK2 17.5 51.8 
DAPK3 16.3 80.7 
 
DAPL1 17.1 63.9 
 
DAPP1 17.4 89.7 
DARC 16.5 30.1 
 
DARS 17.2 93.6 
 
DARS2 14.7 74.7 
DAXX 12.1 63.7 
 
DAZAP2 18.2 98.8 
 
DBC1 19.2 97.6 
DBH 14.5 62.1 
 
DBN1 12.1 72.4 
 
DBNDD1 12.2 52.7 
DBNDD2 13.6 74.9 
 
DBNL 13.3 75.5 
 
DBR1 14.1 72.7 
DBT 16.0 82.2 
 
DCBLD2 14.7 65.2 
 
DCC 16.9 74.7 
DCI 17.9 49.4 
 
DCK 15.9 84.3 
 
DCLK2 13.7 73.6 
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DCLRE1A 14.3 50.3 
 
DCLRE1B 14.0 58.1 
 
DCLRE1C 14.6 65.5 
DCN 16.0 74.9 
 
DCP1A 14.8 66.1 
 
DCP1B 13.3 49.8 
DCPS 13.5 72.6 
 
DCST1 15.1 59.0 
 
DCST2 15.9 57.4 
DCT 15.0 69.3 
 
DCTD 13.4 84.9 
 
DCTN1 14.7 91.2 
DCTN2 14.7 90.7 
 
DCTN3 14.7 88.8 
 
DCTN4 16.8 95.2 
DCTN5 19.6 83.1 
 
DCTN6 18.0 93.2 
 
DCTPP1 13.1 66.7 
DCUN1D1 18.0 92.7 
 
DCUN1D3 13.6 94.4 
 
DCUN1D5 21.2 93.7 
DCXR 13.3 70.2 
 
DDA1 19.5 66.0 
 
DDAH1 15.3 89.2 
DDAH2 14.4 77.1 
 
DDB1 20.4 99.4 
 
DDB2 15.7 68.6 
DDC 14.3 76.9 
 
DDHD1 13.0 82.0 
 
DDI1 14.0 57.0 
DDIT4 14.5 88.0 
 
DDIT4L 18.6 87.1 
 
DDN 11.9 53.9 
DDO 15.0 52.5 
 
DDOST 15.5 86.8 
 
DDR2 15.7 90.7 
DDRGK1 12.0 78.2 
 
DDT 15.7 66.4 
 
DDX1 17.3 95.7 
DDX10 14.0 69.5 
 
DDX17 17.4 87.3 
 
DDX18 13.8 80.4 
DDX19A 14.6 94.6 
 
DDX19B 18.4 85.0 
 
DDX21 13.8 69.1 
DDX23 13.3 97.9 
 
DDX24 13.4 55.8 
 
DDX27 13.6 84.6 
DDX28 13.4 69.8 
 
DDX31 13.8 55.5 
 
DDX39 18.4 95.6 
DDX3X 17.3 94.1 
 
DDX4 15.7 82.5 
 
DDX41 14.0 97.9 
DDX46 15.2 98.0 
 
DDX47 12.8 93.9 
 
DDX49 14.0 59.7 
DDX5 17.3 98.9 
 
DDX50 15.1 92.7 
 
DDX54 13.0 70.6 
DDX55 14.3 83.1 
 
DDX56 14.1 68.1 
 
DDX59 14.2 67.2 
DDX6 19.0 97.3 
 
DEAF1 13.0 74.8 
 
DECR1 15.4 66.0 
DEDD 16.5 95.0 
 
DEDD2 13.4 85.8 
 
DEF8 15.8 76.8 
DEGS1 18.0 54.9 
 
DEGS2 19.8 77.8 
 
DEK 11.8 82.2 
DEM1 14.6 67.0 
 
DENND1A 13.5 73.1 
 
DENND1B 13.9 61.5 
DENND1C 12.9 54.6 
 
DENND2A 13.3 65.4 
 
DENND2C 14.3 67.3 
DENND2D 15.1 80.1 
 
DENND4A 14.4 86.9 
 
DENND4B 13.1 63.8 
DENND4C 14.2 53.2 
 
DENND5A 16.5 91.6 
 
DEPDC1B 17.5 86.0 
DEPDC6 14.5 80.2 
 
DEPDC7 14.9 77.0 
 
DERA 15.1 81.9 
DERL1 26.7 96.4 
 
DERL2 24.0 98.3 
 
DES 17.9 95.1 
DFFA 12.8 62.7 
 
DFFB 14.5 60.5 
 
DFNA5 15.0 56.6 
DFNB59 22.6 93.5 
 
DGAT1 15.7 73.9 
 
DGAT2 17.3 85.4 
DGAT2L6 16.3 54.1 
 
DGKA 15.4 78.7 
 
DGKB 18.7 83.6 
DGKE 14.7 87.7 
 
DGKG 15.9 83.3 
 
DGKH 13.8 73.9 
DGKI 18.8 79.6 
 
DGKQ 13.5 65.2 
 
DGUOK 15.7 62.2 
DHCR24 16.4 94.4 
 
DHCR7 16.7 81.5 
 
DHDDS 17.5 70.6 
DHDH 14.4 71.7 
 
DHFR 17.9 78.1 
 
DHODH 15.3 77.4 
DHPS 14.9 88.7 
 
DHRS1 14.7 68.8 
 
DHRS11 14.7 81.5 
DHRS13 12.8 77.4 
 
DHRS3 19.1 94.1 
 
DHRS4 14.7 63.9 
DHRS7B 15.6 67.8 
 
DHRS7C 21.4 47.1 
 
DHTKD1 14.7 67.2 
DHX15 18.1 99.3 
 
DHX16 12.6 92.8 
 
DHX29 14.7 87.0 
DHX30 14.9 91.4 
 
DHX34 13.0 78.5 
 
DHX35 16.1 80.8 
DHX36 14.7 87.1 
 
DHX37 13.2 76.3 
 
DHX38 15.7 95.1 
DHX40 16.8 87.7 
 
DHX57 14.7 78.9 
 
DHX8 13.4 94.5 
DHX9 15.0 79.9 
 
DIABLO 12.3 80.9 
 
DICER1 14.4 89.8 
DIO1 15.3 49.6 
 
DIP2A 14.0 80.9 
 
DIP2B 19.5 78.6 
DIP2C 17.7 79.4 
 
DIRAS1 17.9 92.0 
 
DIRAS2 17.9 91.9 
DIRC2 15.4 71.5 
 
DIS3L 14.7 60.0 
 
DIS3L2 13.9 78.4 
DISP2 14.4 62.6 
 
DIXDC1 15.2 75.5 
 
DKC1 14.3 83.1 
DKK1 16.6 57.3 
 
DKK3 14.8 57.7 
 
DKK4 14.2 46.2 
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DKKL1 14.4 53.3 
 
DLAT 13.1 78.4 
 
DLC1 13.5 56.7 
DLD 17.4 92.8 
 
DLG2 18.8 79.0 
 
DLG3 17.6 92.8 
DLG5 15.0 81.2 
 
DLGAP1 12.1 92.2 
 
DLGAP3 14.2 75.1 
DLGAP5 13.8 46.1 
 
DLK2 15.4 74.9 
 
DLL4 13.8 80.8 
DLST 13.7 81.4 
 
DLX1 19.6 97.7 
 
DLX2 13.3 86.8 
DLX3 13.9 96.5 
 
DLX5 13.9 94.5 
 
DMAP1 14.2 90.6 
DMC1 15.1 96.2 
 
DMGDH 15.2 81.3 
 
DMRT1 13.4 54.7 
DMRTA1 12.9 53.4 
 
DMRTC2 13.0 60.7 
 
DMTF1 14.8 90.7 
DMXL1 14.8 73.4 
 
DNA2 15.1 64.1 
 
DNAJA3 16.6 75.9 
DNAJB1 16.3 94.4 
 
DNAJB11 14.3 73.8 
 
DNAJB12 15.2 77.6 
DNAJB13 14.1 86.1 
 
DNAJB14 15.5 90.3 
 
DNAJB4 18.3 90.2 
DNAJB5 17.9 81.2 
 
DNAJB7 14.2 58.9 
 
DNAJB8 14.0 74.4 
DNAJB9 18.2 90.7 
 
DNAJC10 18.2 84.7 
 
DNAJC12 12.8 55.3 
DNAJC14 16.9 49.9 
 
DNAJC15 13.5 63.2 
 
DNAJC16 15.3 83.0 
DNAJC17 14.4 80.7 
 
DNAJC18 15.8 85.8 
 
DNAJC19 20.0 94.9 
DNAJC2 14.2 75.6 
 
DNAJC21 13.5 79.4 
 
DNAJC27 15.9 90.5 
DNAJC3 17.7 89.8 
 
DNAJC30 14.3 58.2 
 
DNAJC4 13.8 56.9 
DNAJC5 20.7 77.4 
 
DNAJC5B 17.7 82.0 
 
DNAJC5G 15.2 50.3 
DNAJC6 15.3 88.2 
 
DNAJC7 21.8 95.2 
 
DNAJC8 16.0 73.4 
DNAJC9 15.6 83.5 
 
DNASE1 15.4 65.6 
 
DNASE1L1 14.8 51.8 
DNASE1L3 15.7 69.6 
 
DNASE2B 16.2 52.1 
 
DND1 13.4 68.0 
DNM1 17.8 91.6 
 
DNM1L 18.4 91.9 
 
DNM2 16.6 90.3 
DNMBP 13.7 65.3 
 
DNMT1 14.1 70.6 
 
DNMT3A 14.2 88.0 
DNMT3L 14.7 43.0 
 
DNPEP 14.7 84.0 
 
DNTT 15.8 70.2 
DNTTIP1 15.3 94.6 
 
DNTTIP2 13.4 46.4 
 
DOC2A 18.2 85.4 
DOCK1 15.0 92.1 
 
DOCK11 15.0 92.4 
 
DOCK9 15.0 87.0 
DOHH 13.0 48.2 
 
DOK2 13.3 62.5 
 
DOK4 18.4 96.0 
DOLK 16.1 57.0 
 
DOLPP1 19.0 90.8 
 
DOM3Z 13.1 60.1 
DONSON 15.6 59.1 
 
DOPEY2 14.0 76.7 
 
DPAGT1 17.2 84.7 
DPEP1 14.6 63.8 
 
DPEP2 14.2 48.5 
 
DPEP3 14.1 49.1 
DPF2 16.8 98.2 
 
DPH2 13.3 76.3 
 
DPH5 16.4 81.0 
DPM1 16.7 87.0 
 
DPP10 15.4 80.7 
 
DPP3 13.3 85.3 
DPP4 14.9 72.9 
 
DPP8 15.8 93.0 
 
DPPA2 14.2 26.8 
DPT 17.0 89.1 
 
DPY19L1 19.6 65.4 
 
DPY19L3 16.6 78.6 
DPY19L4 18.1 85.4 
 
DPYD 15.0 78.3 
 
DPYS 13.8 79.8 
DPYSL2 18.1 98.4 
 
DPYSL5 20.2 96.5 
 
DQX1 13.4 74.9 
DR1 16.8 98.3 
 
DRAP1 12.4 88.8 
 
DRD2 17.2 92.8 
DRD3 14.4 76.1 
 
DRD5 14.5 51.2 
 
DRG1 18.0 99.5 
DRG2 20.4 97.8 
 
DRP2 13.8 90.9 
 
DSC1 14.9 64.3 
DSC2 14.6 56.3 
 
DSCC1 15.1 77.8 
 
DSE 16.5 89.5 
DSG2 14.3 58.7 
 
DSG3 14.5 56.8 
 
DSG4 14.8 70.6 
DSN1 13.9 55.0 
 
DSTN 21.5 86.3 
 
DSTYK 14.1 85.5 
DTD1 15.4 62.3 
 
DTNA 17.0 80.1 
 
DTNB 18.9 85.3 
DTNBP1 12.7 47.6 
 
DTX2 16.0 72.8 
 
DTX3L 14.5 39.2 
DULLARD 18.2 98.8 
 
DUOX1 14.7 83.2 
 
DUOXA2 15.4 60.1 
DUS2L 14.1 73.4 
 
DUS3L 13.7 72.4 
 
DUS4L 17.8 61.9 
DUSP1 13.7 93.2 
 
DUSP12 14.1 71.4 
 
DUSP14 23.0 91.0 
DUSP16 13.1 74.3 
 
DUSP18 15.8 74.6 
 
DUSP19 14.2 66.5 
DUSP2 14.1 79.0 
 
DUSP26 18.7 90.1 
 
DUSP27 12.7 63.1 
DUSP3 17.6 67.2 
 
DUSP6 16.0 97.6 
 
DUSP7 17.0 89.2 
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DUT 16.5 59.7 
 
DVL1 15.1 87.3 
 
DYM 16.9 92.1 
DYNC1I2 14.3 93.3 
 
DYRK1A 19.5 83.9 
 
DYRK1B 13.8 88.1 
DYSF 15.0 85.1 
 
DZIP1 13.8 43.6 
 
DZIP3 14.4 57.6 
E2F1 14.4 60.9 
 
E2F3 14.8 66.2 
 
E2F4 13.3 85.8 
E2F6 13.8 80.8 
 
E2F7 13.5 39.9 
 
E2F8 14.0 72.1 
EAPP 13.8 82.2 
 
EBAG9 20.1 94.9 
 
EBI3 14.8 47.0 
EBNA1BP2 12.9 79.5 
 
ECD 14.3 69.8 
 
ECE1 13.5 87.1 
ECE2 13.7 88.1 
 
ECHDC1 14.4 63.1 
 
ECHDC3 13.5 64.1 
ECM1 13.6 43.5 
 
ECM2 14.0 51.7 
 
ECSIT 14.4 60.8 
ECT2 16.6 73.2 
 
EDA 14.8 88.0 
 
EDEM1 14.5 80.5 
EDEM2 18.6 91.2 
 
EDEM3 13.3 92.1 
 
EDF1 17.6 76.4 
EDIL3 15.4 90.2 
 
EDN1 14.4 56.5 
 
EDN2 13.4 48.6 
EDNRA 15.8 88.6 
 
EDNRB 15.1 83.1 
 
EEA1 13.7 72.9 
EED 19.0 99.6 
 
EEF1A1 19.8 99.4 
 
EEF1A2 15.0 92.2 
EEF1B2 14.7 92.9 
 
EEF1D 12.8 71.9 
 
EEF1E1 18.6 84.6 
EEF1G 17.8 95.5 
 
EEF2 17.5 79.7 
 
EEF2K 13.2 83.6 
EEFSEC 13.7 79.7 
 
EEPD1 13.9 82.9 
 
EFCAB1 16.0 66.2 
EFCAB2 14.6 64.9 
 
EFCAB3 15.7 55.0 
 
EFCAB5 15.2 34.8 
EFCAB7 14.3 74.7 
 
EFEMP1 16.3 69.8 
 
EFEMP2 15.0 80.4 
EFHA1 15.4 71.3 
 
EFHA2 15.6 85.5 
 
EFHB 15.2 54.3 
EFHC1 15.2 60.0 
 
EFNA1 14.3 71.4 
 
EFNA3 14.9 90.8 
EFNA4 14.2 68.6 
 
EFNB1 15.7 83.9 
 
EFNB3 13.6 82.1 
EFR3A 15.7 62.4 
 
EFR3B 20.3 93.4 
 
EFS 12.3 64.5 
EFTUD1 14.2 76.5 
 
EFTUD2 16.1 99.0 
 
EGFL7 13.2 64.5 
EGFL8 13.9 66.1 
 
EGFLAM 14.4 78.5 
 
EGFR 14.5 60.8 
EGR1 13.7 83.0 
 
EGR3 15.7 80.5 
 
EGR4 12.1 76.2 
EHD2 15.0 96.0 
 
EHD4 16.9 92.4 
 
EHF 16.0 89.4 
EHHADH 15.1 66.9 
 
EI24 18.2 91.1 
 
EID1 12.6 55.9 
EIF1 23.2 98.3 
 
EIF1AD 16.3 83.7 
 
EIF1B 26.0 99.1 
EIF2A 17.6 87.4 
 
EIF2AK2 15.9 35.9 
 
EIF2AK3 14.5 80.1 
EIF2B1 16.4 90.2 
 
EIF2B2 16.2 89.5 
 
EIF2B3 15.3 66.9 
EIF2B4 14.6 68.2 
 
EIF2B5 15.5 83.7 
 
EIF2C1 23.7 82.1 
EIF2C2 18.0 93.4 
 
EIF2C3 18.8 94.7 
 
EIF2C4 20.9 95.8 
EIF2S1 20.7 98.7 
 
EIF2S2 18.2 93.7 
 
EIF3B 12.0 80.4 
EIF3C 14.4 95.4 
 
EIF3D 17.1 98.2 
 
EIF3E 20.2 99.6 
EIF3G 16.8 97.2 
 
EIF3H 14.6 95.5 
 
EIF3I 18.7 98.2 
EIF3J 19.2 93.1 
 
EIF3K 21.2 98.2 
 
EIF3L 21.7 98.6 
EIF3M 20.8 82.4 
 
EIF4A1 18.3 99.3 
 
EIF4A2 22.1 98.0 
EIF4A3 16.9 99.0 
 
EIF4E 19.8 87.0 
 
EIF4E1B 14.6 55.3 
EIF4E2 19.6 93.5 
 
EIF4E3 17.6 71.4 
 
EIF4EBP1 13.7 83.2 
EIF4EBP2 14.8 93.4 
 
EIF4ENIF1 15.2 86.4 
 
EIF4G2 15.8 76.2 
EIF5A 24.9 99.4 
 
EIF5A2 25.1 99.4 
 
EIF6 15.0 93.5 
ELAC1 16.3 84.0 
 
ELAC2 14.1 70.3 
 
ELAVL1 20.3 97.9 
ELAVL3 17.5 79.3 
 
ELAVL4 17.9 95.8 
 
ELF1 13.2 79.7 
ELF2 13.5 87.6 
 
ELF3 14.1 56.0 
 
ELF5 16.0 77.6 
ELFN1 15.6 73.2 
 
ELFN2 14.9 83.1 
 
ELK1 12.8 66.8 
ELK3 15.2 85.6 
 
ELK4 13.8 73.7 
 
ELL 12.4 74.8 
ELL2 16.0 86.5 
 
ELL3 13.5 63.1 
 
ELMO2 20.7 96.5 
ELMO3 13.7 72.1 
 
ELMOD2 18.8 84.0 
 
ELOVL1 21.9 86.4 
ELOVL2 17.5 74.8 
 
ELOVL3 18.0 52.2 
 
ELOVL4 19.2 87.3 
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ELOVL7 21.0 83.0 
 
ELP2 15.0 56.3 
 
ELP3 20.8 86.5 
ELP4 14.6 69.2 
 
EMCN 14.2 34.4 
 
EME1 13.5 34.0 
EMID2 11.9 71.0 
 
EMILIN1 12.0 56.9 
 
EML1 15.8 52.8 
EML3 13.5 86.3 
 
EML4 14.1 77.0 
 
EMP2 16.6 67.6 
EMP3 17.7 88.4 
 
EMX2 18.7 98.8 
 
ENAM 14.0 40.4 
ENC1 21.3 90.1 
 
ENDOG 15.2 82.2 
 
ENG 14.1 49.3 
ENGASE 14.4 64.9 
 
ENKUR 15.4 78.6 
 
ENO1 15.2 77.9 
ENO2 19.6 97.0 
 
ENO3 15.7 96.8 
 
ENOPH1 16.9 66.9 
ENOX1 14.7 69.7 
 
ENOX2 16.7 81.5 
 
ENPEP 14.7 66.9 
ENPP1 15.0 64.3 
 
ENPP2 17.2 85.7 
 
ENPP3 14.9 66.6 
ENPP4 14.9 74.8 
 
ENSA 17.1 97.5 
 
ENTPD1 16.4 55.1 
ENTPD3 15.3 49.5 
 
ENTPD5 14.4 83.9 
 
ENY2 25.2 99.0 
EOMES 13.1 83.4 
 
EP400 13.1 60.6 
 
EPAS1 13.7 68.9 
EPC1 15.8 86.0 
 
EPC2 16.7 88.0 
 
EPHA1 13.6 76.5 
EPHA2 16.4 87.7 
 
EPHA3 15.4 91.9 
 
EPHA7 19.8 96.3 
EPHA8 15.8 66.3 
 
EPHB1 17.6 90.8 
 
EPHB2 21.6 96.5 
EPHB3 13.0 82.6 
 
EPHB4 16.6 89.2 
 
EPHX1 16.7 74.1 
EPHX2 15.1 58.9 
 
EPM2A 17.0 61.9 
 
EPM2AIP1 14.5 77.3 
EPN1 14.0 88.4 
 
EPN2 13.7 71.8 
 
EPN3 13.5 70.2 
EPO 15.3 61.2 
 
EPOR 13.7 69.4 
 
EPS15 13.1 81.1 
EPS15L1 12.8 72.9 
 
EPS8L1 12.6 56.8 
 
EPS8L3 14.3 52.1 
EPSTI1 13.3 39.1 
 
EPYC 14.7 79.6 
 
ERAP1 14.8 65.7 
ERAS 14.2 62.1 
 
ERBB2IP 14.0 75.2 
 
ERBB3 14.3 73.3 
ERCC1 13.6 74.6 
 
ERCC2 15.2 80.4 
 
ERCC3 15.6 93.2 
ERCC5 13.6 53.0 
 
ERCC6 13.7 67.1 
 
ERCC6L 14.6 61.2 
ERCC8 16.3 85.9 
 
ERGIC1 23.2 95.5 
 
ERGIC2 17.9 92.1 
ERLIN2 14.1 92.1 
 
ERMN 13.5 49.1 
 
ERO1L 16.9 88.7 
ERP44 17.0 47.0 
 
ERRFI1 13.2 67.5 
 
ESAM 13.7 58.5 
ESCO1 13.6 62.9 
 
ESCO2 14.7 53.8 
 
ESD 14.5 85.2 
ESF1 13.7 69.2 
 
ESM1 15.4 66.3 
 
ESPL1 13.9 65.5 
ESR1 13.1 81.3 
 
ESR2 14.2 71.3 
 
ESRP2 12.5 89.6 
ESRRB 15.5 57.3 
 
ESRRG 25.5 99.8 
 
ETAA1 13.9 37.9 
ETFA 16.3 90.7 
 
ETFB 18.0 88.7 
 
ETFDH 16.1 86.1 
ETHE1 16.8 84.3 
 
ETS1 16.3 95.9 
 
ETS2 13.7 82.8 
ETV1 16.3 95.6 
 
ETV3L 14.9 46.1 
 
ETV5 14.9 91.8 
EVC 13.7 55.7 
 
EVC2 13.8 51.0 
 
EVI1 13.0 71.1 
EVI2B 14.2 40.1 
 
EVI5L 16.9 94.9 
 
EVL 14.0 84.6 
EVPL 12.8 69.4 
 
EVX1 13.5 87.5 
 
EVX2 12.7 77.4 
EWSR1 16.1 90.6 
 
EXD1 14.5 45.4 
 
EXD2 15.1 65.7 
EXO1 14.1 62.8 
 
EXOC2 14.8 86.7 
 
EXOC3 14.3 88.0 
EXOC3L 12.7 66.5 
 
EXOC4 16.7 92.6 
 
EXOC5 19.1 96.8 
EXOC6 15.3 88.3 
 
EXOC6B 17.0 72.4 
 
EXOC8 12.2 91.2 
EXOG 14.2 72.4 
 
EXOSC1 20.6 93.9 
 
EXOSC3 14.4 84.4 
EXOSC4 17.6 93.1 
 
EXOSC8 18.0 85.9 
 
EXOSC9 13.8 88.9 
EXPH5 13.7 39.0 
 
EXT1 17.8 98.3 
 
EXT2 17.5 91.0 
EXTL1 13.9 62.4 
 
EXTL2 16.2 79.2 
 
EXTL3 17.5 95.4 
EYA2 14.2 78.5 
 
EZH1 16.4 86.9 
 
EZH2 13.9 96.3 
EZR 14.3 92.2 
 
F10 14.3 56.2 
 
F11R 14.6 56.6 
F12 14.2 55.0 
 
F13A1 15.2 77.5 
 
F13B 14.9 59.0 
F2R 16.2 59.0 
 
F2RL1 15.6 72.1 
 
F2RL2 17.7 62.1 
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F2RL3 14.6 57.3 
 
F3 15.5 42.7 
 
F7 14.9 53.2 
FA2H 16.7 66.8 
 
FAAH 14.6 72.6 
 
FABP1 18.7 69.5 
FABP2 14.8 69.2 
 
FABP3 18.1 78.4 
 
FABP6 17.4 43.3 
FABP7 15.8 83.5 
 
FABP9 15.4 55.6 
 
FADS2 16.4 76.7 
FADS3 15.0 74.0 
 
FADS6 15.4 67.9 
 
FAF1 14.8 94.9 
FAF2 16.0 96.6 
 
FAH 15.0 61.6 
 
FAHD1 17.0 77.6 
FAHD2A 14.4 80.3 
 
FAIM 16.0 69.0 
 
FAIM2 16.4 83.7 
FAIM3 14.3 35.4 
 
FANCC 15.3 43.6 
 
FANCD2 14.9 64.4 
FANCE 13.3 48.1 
 
FANCG 13.9 41.8 
 
FANCI 15.1 64.1 
FANCL 17.6 66.0 
 
FANK1 14.7 73.0 
 
FAP 15.4 83.9 
FAR1 23.2 96.7 
 
FAR2 19.1 81.0 
 
FARP1 13.5 79.9 
FARS2 15.4 58.0 
 
FASN 13.8 65.8 
 
FASTK 14.5 58.3 
FASTKD1 15.8 54.1 
 
FASTKD3 15.7 50.5 
 
FAT1 14.8 79.3 
FAT2 14.6 74.5 
 
FAT3 14.6 66.6 
 
FAT4 14.9 62.0 
FAU 17.5 95.5 
 
FBF1 12.6 38.1 
 
FBLIM1 12.8 68.1 
FBLN1 13.8 77.8 
 
FBLN2 12.8 60.6 
 
FBLN5 12.5 84.4 
FBN1 14.2 94.5 
 
FBN2 17.0 93.1 
 
FBP1 15.4 77.9 
FBP2 15.4 91.5 
 
FBXL12 17.6 64.6 
 
FBXL13 16.1 41.9 
FBXL14 24.3 95.2 
 
FBXL16 18.0 92.6 
 
FBXL2 15.3 78.5 
FBXL20 18.4 80.2 
 
FBXL21 15.4 58.0 
 
FBXL3 23.4 72.5 
FBXL4 16.0 88.6 
 
FBXL5 15.8 78.8 
 
FBXL6 13.3 63.9 
FBXL7 14.0 62.2 
 
FBXL8 15.5 68.3 
 
FBXO10 16.0 80.1 
FBXO11 20.6 65.4 
 
FBXO18 14.2 73.0 
 
FBXO21 21.5 64.5 
FBXO22 16.9 79.5 
 
FBXO24 13.7 79.0 
 
FBXO25 14.7 81.3 
FBXO28 12.2 93.0 
 
FBXO3 17.5 91.1 
 
FBXO30 14.2 80.9 
FBXO32 19.9 94.1 
 
FBXO34 13.2 59.2 
 
FBXO38 14.8 92.0 
FBXO39 18.2 77.7 
 
FBXO4 15.8 81.4 
 
FBXO42 16.0 91.2 
FBXO45 15.6 66.0 
 
FBXO6 15.8 53.8 
 
FBXO7 14.5 49.8 
FBXO8 15.4 80.6 
 
FBXO9 19.2 67.4 
 
FBXW11 18.2 89.9 
FBXW12 16.9 16.4 
 
FBXW2 21.7 97.6 
 
FBXW4 15.4 87.2 
FBXW5 14.0 82.9 
 
FBXW7 22.0 97.0 
 
FBXW8 14.9 62.1 
FBXW9 13.6 72.3 
 
FCER1A 17.1 31.2 
 
FCF1 21.8 80.4 
FCGRT 14.6 57.6 
 
FCHO1 13.3 77.2 
 
FCHSD1 13.3 85.4 
FCHSD2 15.7 78.3 
 
FDFT1 18.7 82.8 
 
FDPS 15.7 63.9 
FDX1L 16.5 72.7 
 
FDXACB1 15.5 61.0 
 
FDXR 13.8 65.8 
FECH 13.9 77.1 
 
FEM1A 14.2 85.2 
 
FEM1B 17.5 85.0 
FEM1C 17.2 99.0 
 
FEN1 16.3 95.0 
 
FER1L6 14.5 72.5 
FERD3L 12.7 65.3 
 
FERMT1 14.9 82.9 
 
FERMT3 16.8 78.4 
FES 14.0 85.5 
 
FETUB 14.2 45.4 
 
FEZ1 16.9 90.6 
FEZ2 14.0 81.4 
 
FEZF2 16.1 91.5 
 
FFAR1 15.5 73.1 
FFAR2 16.1 56.7 
 
FFAR3 16.7 52.2 
 
FGD1 12.5 91.4 
FGD2 13.1 74.5 
 
FGD3 13.1 55.4 
 
FGD4 13.1 68.5 
FGD5 13.0 54.5 
 
FGD6 14.1 63.0 
 
FGF1 18.4 87.8 
FGF10 19.7 81.9 
 
FGF11 14.7 96.0 
 
FGF12 19.5 72.5 
FGF13 21.0 98.8 
 
FGF16 21.3 96.6 
 
FGF18 18.4 97.6 
FGF20 14.1 85.7 
 
FGF23 14.0 47.5 
 
FGF4 16.8 73.6 
FGF6 16.6 88.5 
 
FGF7 21.7 92.8 
 
FGFBP3 12.8 43.5 
FGFR1 19.8 97.0 
 
FGFR1OP 13.2 62.5 
 
FGFR2 17.5 78.1 
FGFR3 14.3 82.5 
 
FGFR4 13.9 79.8 
 
FGG 16.3 69.2 
FGL1 16.6 60.2 
 
FGL2 14.0 68.7 
 
FGR 13.8 78.9 
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FHL3 16.0 83.7 
 
FHL5 14.8 81.8 
 
FHOD3 12.7 74.7 
FIBIN 18.3 70.6 
 
FIBP 16.7 83.5 
 
FIG4 18.1 93.7 
FIGF 17.0 74.7 
 
FILIP1 15.1 82.9 
 
FIS1 19.9 92.8 
FITM1 17.9 94.2 
 
FITM2 19.2 82.5 
 
FKBP10 16.4 70.1 
FKBP14 16.6 92.0 
 
FKBP15 13.2 57.1 
 
FKBP1A 17.5 93.6 
FKBP1B 19.0 96.3 
 
FKBP2 20.5 80.5 
 
FKBP3 20.6 92.9 
FKBP4 13.8 82.2 
 
FKBP5 13.5 84.3 
 
FKBP6 14.4 77.1 
FKBP7 16.3 75.8 
 
FKBP8 13.6 69.7 
 
FKBP9 16.7 79.3 
FKBPL 13.2 45.7 
 
FKRP 12.9 86.9 
 
FLAD1 13.4 83.2 
FLCN 15.6 74.0 
 
FLI1 14.3 92.1 
 
FLNA 15.6 93.4 
FLNB 14.2 93.5 
 
FLNC 13.5 96.3 
 
FLOT1 16.9 97.2 
FLOT2 21.0 69.2 
 
FLRT1 16.0 80.3 
 
FLRT3 17.4 89.8 
FLT1 15.0 69.4 
 
FLT3 14.6 72.3 
 
FLT4 13.6 78.5 
FMNL1 13.0 78.4 
 
FMNL3 15.3 93.9 
 
FMO1 15.8 75.6 
FMO3 16.9 69.7 
 
FMO4 16.8 60.5 
 
FMO5 15.9 75.1 
FMOD 17.7 87.0 
 
FMR1 14.6 91.5 
 
FMR1NB 16.5 13.9 
FN1 14.0 86.3 
 
FN3K 14.1 68.4 
 
FN3KRP 14.0 78.7 
FNDC1 12.9 50.8 
 
FNDC3A 15.4 82.5 
 
FNDC3B 14.0 90.2 
FNDC4 13.3 93.2 
 
FNDC8 15.1 59.7 
 
FNTA 17.7 79.8 
FNTB 18.3 92.9 
 
FOLH1 14.5 68.7 
 
FOLR2 14.5 59.0 
FOS 16.9 90.8 
 
FOSB 15.1 92.7 
 
FOSL1 14.7 58.9 
FOSL2 13.9 93.3 
 
FOXA1 13.7 72.7 
 
FOXA2 14.5 83.5 
FOXA3 13.8 70.0 
 
FOXB2 13.6 75.6 
 
FOXC2 13.8 86.4 
FOXD3 13.5 69.8 
 
FOXI1 13.3 72.9 
 
FOXJ1 13.7 87.2 
FOXJ2 14.4 84.1 
 
FOXK2 12.6 56.6 
 
FOXL1 12.6 62.4 
FOXM1 13.2 65.4 
 
FOXN1 13.1 80.0 
 
FOXN4 13.0 64.6 
FOXO4 12.6 79.3 
 
FOXP1 13.4 89.6 
 
FOXP3 15.2 79.5 
FOXP4 13.8 61.7 
 
FOXRED1 14.9 66.8 
 
FOXRED2 15.1 71.4 
FOXS1 14.5 49.5 
 
FREM1 14.9 66.1 
 
FREQ 22.0 62.9 
FRG1 15.6 96.1 
 
FRK 14.6 75.2 
 
FRMD4A 15.9 85.8 
FRMD5 16.2 80.1 
 
FRMD6 17.3 90.9 
 
FRMD8 12.6 78.4 
FRMPD4 12.7 54.6 
 
FRRS1 15.6 59.2 
 
FRS2 17.4 93.9 
FRS3 12.2 81.3 
 
FRY 16.3 94.2 
 
FRYL 14.2 89.6 
FSCN1 17.2 87.7 
 
FSCN2 14.4 84.8 
 
FSD1 16.6 88.7 
FSD2 13.9 63.9 
 
FSHB 15.3 67.9 
 
FSHR 17.9 80.6 
FST 14.1 75.6 
 
FSTL1 16.7 64.6 
 
FSTL4 14.3 49.1 
FTH1 15.4 86.4 
 
FTO 14.5 69.3 
 
FTSJ1 15.0 76.1 
FTSJ3 13.2 80.7 
 
FTSJD1 15.5 72.9 
 
FUBP1 16.8 95.3 
FUBP3 14.0 81.9 
 
FUCA1 15.4 69.3 
 
FUCA2 16.6 59.1 
FUK 14.4 76.6 
 
FUNDC1 17.6 93.0 
 
FUNDC2 22.0 71.7 
FURIN 15.4 86.9 
 
FUT1 14.0 65.9 
 
FUT10 14.7 71.2 
FUT11 13.7 81.2 
 
FUT2 14.8 71.0 
 
FUT8 14.7 93.9 
FUT9 22.4 96.4 
 
FUZ 13.6 65.0 
 
FXR1 20.4 85.2 
FXR2 14.2 72.7 
 
FYB 13.1 61.8 
 
FYN 16.5 93.1 
FYTTD1 14.3 82.2 
 
FZD1 14.6 90.5 
 
FZD10 17.8 88.9 
FZD2 18.8 98.4 
 
FZD3 20.2 97.0 
 
FZD4 16.1 93.7 
FZD5 15.5 93.2 
 
FZD7 13.0 94.1 
 
FZD9 13.7 92.8 
FZR1 16.7 97.8 
 
G2E3 15.1 68.7 
 
G3BP1 15.0 91.0 
G3BP2 15.0 96.0 
 
G6PC 20.1 81.3 
 
G6PC2 17.0 76.6 
G6PC3 19.0 79.0 
 
GAA 14.6 69.3 
 
GAB1 15.6 80.9 
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GAB2 13.7 73.1 
 
GABARAP 28.6 99.2 
 
GABARAPL
1 28.6 99.2 
GABARAPL2 28.2 99.2 
 
GABBR1 20.0 74.5 
 
GABBR2 17.7 84.4 
GABPA 18.4 95.0 
 
GABRA1 20.8 98.3 
 
GABRA2 22.6 95.8 
GABRA3 16.0 93.1 
 
GABRA4 13.6 75.9 
 
GABRA5 17.5 87.5 
GABRA6 16.2 86.3 
 
GABRB2 21.1 95.2 
 
GABRD 14.4 76.7 
GABRG1 14.6 91.1 
 
GABRG2 23.5 97.5 
 
GABRP 15.5 74.1 
GABRQ 15.6 53.2 
 
GABRR1 17.7 80.7 
 
GABRR2 15.4 84.3 
GAD1 15.5 81.7 
 
GAD2 15.5 92.3 
 
GADD45B 13.7 85.9 
GADD45G 13.7 75.8 
 
GADD45GIP1 12.9 65.0 
 
GADL1 17.5 59.2 
GAL3ST1 14.7 80.0 
 
GAL3ST2 15.6 48.9 
 
GAL3ST3 13.0 90.1 
GAL3ST4 14.3 71.8 
 
GALC 16.2 73.8 
 
GALE 16.2 89.4 
GALK1 13.5 83.0 
 
GALK2 14.5 81.3 
 
GALM 14.8 80.8 
GALNS 14.3 78.2 
 
GALNT1 18.6 97.3 
 
GALNT11 15.6 83.4 
GALNT12 14.2 76.8 
 
GALNT13 17.8 98.4 
 
GALNT14 17.6 62.0 
GALNT3 16.2 88.5 
 
GALNT6 14.9 79.8 
 
GALNT7 15.4 71.1 
GALNTL1 14.4 78.0 
 
GALNTL2 14.4 59.0 
 
GALNTL4 14.9 94.2 
GALR1 16.9 85.8 
 
GALR2 14.0 69.6 
 
GALR3 14.3 68.5 
GALT 14.1 82.4 
 
GAMT 15.3 62.5 
 
GAN 17.4 96.5 
GANAB 14.7 85.8 
 
GANC 15.0 74.6 
 
GAP43 12.8 73.1 
GAPDH 16.9 90.2 
 
GAPDHS 14.0 65.4 
 
GAPVD1 15.4 91.6 
GAR1 15.1 82.5 
 
GARNL3 14.8 66.7 
 
GARS 16.9 85.9 
GAS1 13.2 68.3 
 
GAS2 17.1 95.6 
 
GAS2L1 12.0 75.0 
GAS2L2 13.2 43.5 
 
GAS6 14.4 67.8 
 
GAS7 15.2 74.1 
GAS8 13.8 74.4 
 
GATA1 12.7 79.2 
 
GATA2 13.4 93.2 
GATA3 15.0 93.9 
 
GATA4 13.4 88.3 
 
GATA5 12.6 61.6 
GATAD2A 12.3 82.1 
 
GATAD2B 20.5 95.8 
 
GATC 13.0 54.5 
GATM 15.0 91.3 
 
GATSL3 12.9 87.7 
 
GBA 17.2 76.5 
GBAS 17.4 85.4 
 
GBGT1 16.0 68.7 
 
GBP5 14.3 48.0 
GBP6 14.5 55.1 
 
GBX2 18.8 96.9 
 
GC 14.6 64.8 
GCAT 14.0 83.6 
 
GCC1 14.3 84.8 
 
GCC2 14.2 23.6 
GCDH 13.6 78.7 
 
GCG 13.8 82.3 
 
GCGR 15.4 58.2 
GCH1 16.2 65.4 
 
GCLC 16.0 84.2 
 
GCLM 14.5 80.8 
GCM2 13.9 41.1 
 
GCN1L1 14.8 90.8 
 
GCNT1 16.1 74.6 
GCNT2 16.0 62.1 
 
GCNT3 16.2 56.0 
 
GCSH 14.0 74.7 
GDA 14.7 62.9 
 
GDAP1 16.0 92.8 
 
GDAP1L1 18.6 95.2 
GDAP2 14.9 91.8 
 
GDE1 17.4 80.7 
 
GDF10 13.9 43.7 
GDF15 13.7 40.6 
 
GDF2 14.1 63.0 
 
GDF5 15.2 88.3 
GDI1 17.8 97.5 
 
GDI2 17.9 93.3 
 
GDNF 16.4 66.5 
GDPD1 18.6 57.2 
 
GDPD2 15.5 73.2 
 
GDPD5 15.9 83.9 
GEMIN4 15.1 72.5 
 
GEMIN6 13.1 76.8 
 
GEMIN7 13.2 69.4 
GEMIN8 12.9 49.4 
 
GEN1 14.2 56.6 
 
GFAP 16.2 85.6 
GFI1B 16.7 76.5 
 
GFM1 13.8 83.2 
 
GFM2 14.8 76.5 
GFOD2 15.4 93.5 
 
GFPT1 15.9 87.4 
 
GFPT2 18.8 81.9 
GFRA1 16.8 88.7 
 
GFRA2 16.6 75.9 
 
GFRA3 14.4 64.7 
GFRA4 12.8 44.2 
 
GFRAL 15.4 45.2 
 
GGA2 13.2 76.3 
GGA3 13.5 52.4 
 
GGCX 15.1 82.2 
 
GGNBP2 15.1 73.9 
GGPS1 15.9 91.4 
 
GGT1 14.2 69.4 
 
GGT5 14.0 60.4 
GGT6 13.2 49.5 
 
GGT7 16.2 92.4 
 
GHDC 14.0 61.3 
GHITM 16.1 85.9 
 
GHR 14.7 58.9 
 
GHRH 17.1 43.1 
GHRHR 15.3 63.6 
 
GHRL 13.7 56.8 
 
GIF 14.6 62.0 
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GIGYF1 12.4 84.0 
 
GIGYF2 12.2 90.8 
 
GIMAP1 14.0 30.4 
GIMAP4 14.5 39.7 
 
GIMAP7 15.2 46.1 
 
GIMAP8 14.8 30.4 
GINS1 15.4 87.8 
 
GINS3 16.1 82.0 
 
GINS4 18.1 58.4 
GIP 14.3 40.3 
 
GIPC1 16.3 94.0 
 
GIPC2 15.1 57.4 
GIPC3 12.3 80.6 
 
GIPR 14.2 70.6 
 
GIT1 17.3 91.9 
GIT2 13.9 83.8 
 
GJA1 15.7 94.5 
 
GJA4 13.6 85.3 
GJA5 16.5 75.0 
 
GJA8 13.3 78.0 
 
GJB1 20.7 96.8 
GJB5 15.5 65.7 
 
GJC1 14.7 94.7 
 
GJD2 17.9 95.7 
GK2 15.1 68.0 
 
GKN2 16.3 48.1 
 
GLA 15.7 66.1 
GLB1 15.5 62.5 
 
GLB1L2 16.4 52.9 
 
GLCCI1 12.2 57.8 
GLCE 18.8 93.9 
 
GLDC 14.2 86.5 
 
GLDN 13.9 64.5 
GLE1 13.5 58.9 
 
GLI1 12.0 78.9 
 
GLI3 12.8 75.8 
GLIPR1 15.9 50.9 
 
GLIPR1L1 17.0 21.5 
 
GLIPR2 15.2 71.7 
GLIS1 12.6 53.4 
 
GLIS2 14.4 84.1 
 
GLMN 16.2 78.7 
GLOD4 16.4 77.9 
 
GLP1R 14.8 74.5 
 
GLP2R 15.7 48.8 
GLRA1 17.4 96.7 
 
GLRA2 16.1 96.9 
 
GLRB 18.5 96.0 
GLRX 16.7 60.2 
 
GLRX2 14.5 61.2 
 
GLRX3 15.9 87.6 
GLS 16.0 73.6 
 
GLT25D1 13.0 89.3 
 
GLT25D2 15.4 88.0 
GLT6D1 17.1 34.7 
 
GLT8D1 17.0 83.3 
 
GLT8D2 17.3 87.8 
GLT8D3 15.6 57.6 
 
GLTP 18.8 91.4 
 
GLTPD1 13.9 69.1 
GLTSCR2 13.2 67.7 
 
GLUD1 15.5 75.1 
 
GLUL 18.4 92.3 
GLYAT 15.2 57.9 
 
GLYCTK 13.6 76.2 
 
GM2A 15.5 43.7 
GMCL1 13.4 85.7 
 
GMDS 16.3 71.5 
 
GMEB1 18.2 93.6 
GMEB2 15.0 87.7 
 
GMFG 16.9 90.2 
 
GMIP 13.0 70.6 
GMPPA 15.9 93.8 
 
GMPR 13.3 92.5 
 
GMPR2 13.0 86.7 
GMPS 16.8 94.9 
 
GNA11 14.7 95.3 
 
GNA12 24.7 70.5 
GNA14 16.9 94.9 
 
GNA15 14.5 58.8 
 
GNAI1 20.8 80.4 
GNAI2 19.5 96.6 
 
GNAI3 14.6 74.2 
 
GNAL 17.5 98.4 
GNAO1 18.1 95.5 
 
GNAQ 23.4 67.3 
 
GNAS 18.0 99.2 
GNAT1 15.9 98.9 
 
GNAT2 16.2 93.8 
 
GNAT3 16.4 93.0 
GNB1 25.4 99.7 
 
GNB1L 14.0 46.6 
 
GNB2 25.5 99.7 
GNB2L1 18.3 99.1 
 
GNB3 17.5 95.6 
 
GNB4 20.1 95.9 
GNB5 16.3 86.6 
 
GNE 18.2 96.5 
 
GNL2 13.4 77.9 
GNL3L 16.7 72.8 
 
GNMT 17.0 86.2 
 
GNPAT 17.6 63.1 
GNPDA1 16.4 91.0 
 
GNPDA2 16.7 96.0 
 
GNPNAT1 18.3 96.8 
GNPTAB 14.7 74.3 
 
GNPTG 13.7 56.9 
 
GNRHR 19.9 81.8 
GNS 17.0 77.2 
 
GOLGA1 13.9 67.4 
 
GOLGA3 12.8 50.0 
GOLGA5 15.1 78.1 
 
GOLGA7 24.1 98.6 
 
GOLIM4 12.2 65.8 
GOLPH3 12.4 58.8 
 
GOLPH3L 15.0 91.6 
 
GOLT1A 19.7 68.0 
GOPC 12.6 69.4 
 
GOSR1 16.2 95.2 
 
GOSR2 18.5 82.2 
GOT1 15.2 85.8 
 
GOT1L1 16.0 56.9 
 
GOT2 17.6 68.0 
GP2 14.7 53.2 
 
GP9 14.6 49.7 
 
GPA33 13.6 40.5 
GPAA1 16.1 68.0 
 
GPAM 15.3 87.6 
 
GPATCH1 12.8 77.4 
GPATCH3 13.1 75.8 
 
GPBAR1 15.2 75.6 
 
GPBP1 16.8 89.5 
GPBP1L1 14.8 83.5 
 
GPC2 13.8 52.0 
 
GPC3 14.1 91.4 
GPC4 14.3 88.5 
 
GPD1 16.6 85.1 
 
GPD1L 17.2 89.5 
GPER 16.1 72.1 
 
GPHA2 15.9 76.2 
 
GPKOW 12.9 61.5 
GPLD1 15.6 66.6 
 
GPM6A 25.3 98.2 
 
GPM6B 19.1 63.3 
GPN2 16.0 92.9 
 
GPN3 16.9 91.9 
 
GPNMB 14.8 55.8 
GPR1 16.9 71.9 
 
GPR101 14.7 63.0 
 
GPR107 14.7 71.6 
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GPR108 15.1 62.8 
 
GPR110 15.3 50.6 
 
GPR115 15.8 52.3 
GPR116 15.1 57.4 
 
GPR119 16.9 67.9 
 
GPR12 18.3 88.7 
GPR120 16.3 72.8 
 
GPR123 13.9 44.6 
 
GPR125 14.2 67.2 
GPR126 15.2 67.4 
 
GPR128 15.5 52.1 
 
GPR137 15.9 79.3 
GPR139 23.9 67.8 
 
GPR141 17.6 68.1 
 
GPR142 15.2 46.8 
GPR143 15.0 37.8 
 
GPR146 15.6 53.2 
 
GPR15 17.2 65.1 
GPR151 18.4 51.9 
 
GPR152 13.3 55.9 
 
GPR153 13.4 74.6 
GPR155 17.7 68.7 
 
GPR156 13.7 55.2 
 
GPR157 14.6 58.0 
GPR161 15.0 80.2 
 
GPR171 18.6 82.8 
 
GPR172B 14.4 71.2 
GPR173 21.1 98.4 
 
GPR176 15.6 84.0 
 
GPR177 17.7 93.7 
GPR179 13.1 48.5 
 
GPR18 16.4 80.8 
 
GPR180 15.0 81.5 
GPR182 16.1 42.8 
 
GPR20 14.9 71.0 
 
GPR21 19.0 86.7 
GPR22 19.4 94.9 
 
GPR3 16.8 88.5 
 
GPR35 16.2 43.6 
GPR37 13.7 74.3 
 
GPR4 14.4 88.8 
 
GPR45 15.4 74.1 
GPR50 14.9 49.3 
 
GPR56 14.8 64.7 
 
GPR6 14.6 68.8 
GPR61 16.5 89.9 
 
GPR65 16.9 64.0 
 
GPR77 15.1 48.4 
GPR81 16.2 62.0 
 
GPR83 15.7 60.3 
 
GPR85 19.6 99.5 
GPR87 16.0 84.4 
 
GPR97 16.1 46.0 
 
GPR98 15.3 65.0 
GPRC5A 16.1 62.8 
 
GPRC5B 17.7 77.7 
 
GPRC5C 16.0 62.5 
GPRIN2 12.2 51.0 
 
GPRIN3 12.4 35.4 
 
GPS1 21.3 81.6 
GPS2 15.4 95.4 
 
GPSM1 13.2 69.7 
 
GPSM2 15.3 85.2 
GPSM3 13.7 78.5 
 
GPSN2 21.3 95.5 
 
GPX1 13.2 68.1 
GPX5 16.3 61.7 
 
GPX7 15.0 55.4 
 
GRAMD1A 14.9 66.2 
GRAMD1B 14.4 77.7 
 
GRAMD3 13.9 64.2 
 
GRAP 16.0 85.3 
GRAP2 16.2 75.5 
 
GRB14 19.6 70.2 
 
GRB2 23.7 99.1 
GRB7 14.6 81.6 
 
GREM1 15.6 97.3 
 
GRHL1 17.7 71.5 
GRHL2 15.9 81.4 
 
GRHL3 13.4 68.3 
 
GRHPR 14.1 73.1 
GRIA3 18.3 97.1 
 
GRIK1 17.4 88.4 
 
GRIK2 17.7 90.1 
GRIK3 18.9 98.0 
 
GRIK4 17.0 82.7 
 
GRIN2A 14.6 70.2 
GRIN2B 13.2 94.7 
 
GRIN2C 13.6 61.4 
 
GRIN3B 13.9 50.7 
GRIP1 15.1 67.4 
 
GRIPAP1 13.8 85.0 
 
GRK4 14.9 58.3 
GRK5 15.7 87.7 
 
GRLF1 17.2 96.1 
 
GRM1 15.8 88.8 
GRM2 14.9 92.7 
 
GRM7 18.0 96.9 
 
GRM8 19.8 95.8 
GRN 13.6 42.9 
 
GRPEL1 14.7 57.1 
 
GRPEL2 14.0 62.8 
GRPR 17.0 86.3 
 
GRSF1 17.3 67.2 
 
GRWD1 15.5 66.2 
GSDMA 13.4 76.5 
 
GSDMD 14.2 31.9 
 
GSG1 15.4 46.9 
GSG1L 16.6 79.6 
 
GSG2 14.0 46.7 
 
GSK3A 15.2 70.6 
GSK3B 14.7 95.2 
 
GSN 16.4 81.2 
 
GSPT1 16.7 75.6 
GSPT2 14.5 85.0 
 
GSR 15.5 75.9 
 
GSS 14.0 83.6 
GSTA3 15.7 51.8 
 
GSTA4 19.5 57.0 
 
GSTCD 14.0 76.1 
GSTK1 15.7 62.6 
 
GSTM1 20.2 66.2 
 
GSTM3 20.3 57.3 
GSTO2 16.0 61.4 
 
GSTT1 14.8 58.9 
 
GSTZ1 13.0 55.3 
GSX2 12.3 77.0 
 
GTDC1 15.0 54.3 
 
GTF2A1 13.9 86.1 
GTF2A2 18.0 98.2 
 
GTF2B 17.7 99.1 
 
GTF2E1 14.3 90.3 
GTF2E2 16.2 63.8 
 
GTF2F1 13.4 73.0 
 
GTF2F2 14.3 67.0 
GTF2H1 16.5 90.2 
 
GTF2H2 19.1 94.5 
 
GTF2H3 15.6 91.0 
GTF2H4 18.2 96.8 
 
GTF2I 14.8 95.3 
 
GTF2IRD1 14.1 84.5 
GTF2IRD2 14.4 71.9 
 
GTF3C1 14.0 65.2 
 
GTF3C4 13.9 87.4 
GTF3C5 14.5 73.5 
 
GTPBP1 15.6 85.2 
 
GTPBP2 15.7 93.2 
GTPBP3 12.6 73.0 
 
GTPBP4 15.1 74.5 
 
GTPBP5 14.6 53.5 
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GTPBP8 15.8 64.5 
 
GTSF1 15.2 88.7 
 
GUCA1A 14.5 86.4 
GUCA1B 14.6 78.5 
 
GUCY1A2 16.1 82.4 
 
GUCY1A3 15.3 80.4 
GUCY1B3 12.1 97.9 
 
GUCY2C 15.8 72.5 
 
GUCY2F 15.4 81.4 
GUF1 16.1 60.5 
 
GUK1 12.9 81.9 
 
GUSB 14.8 67.6 
GYLTL1B 14.3 65.8 
 
GYS2 16.7 89.9 
 
GZF1 13.6 61.3 
GZMA 16.3 53.6 
 
GZMK 15.4 57.3 
 
H3F3B 24.3 99.3 
H6PD 14.7 65.3 
 
HABP2 14.4 59.2 
 
HABP4 12.7 56.7 
HACE1 14.8 93.5 
 
HACL1 14.5 67.3 
 
HADH 15.9 81.6 
HADHA 14.7 74.6 
 
HADHB 14.8 85.7 
 
HAGH 17.0 69.4 
HAL 16.9 89.5 
 
HAO2 15.4 61.0 
 
HAPLN1 17.4 91.6 
HAPLN2 14.7 74.3 
 
HAPLN3 14.3 69.7 
 
HARBI1 16.9 57.7 
HARS 15.0 91.0 
 
HARS2 15.4 73.6 
 
HAS2 20.4 97.7 
HAS3 13.3 95.0 
 
HAUS1 16.2 54.3 
 
HAUS2 15.4 60.6 
HAUS4 13.9 72.3 
 
HAUS5 13.7 49.3 
 
HAUS6 15.2 46.7 
HAUS7 14.2 38.1 
 
HAX1 13.2 68.5 
 
HBEGF 14.4 71.3 
HBP1 14.4 88.4 
 
HBS1L 16.6 83.0 
 
HCFC1 12.2 85.5 
HCFC2 15.6 80.5 
 
HCK 14.1 70.8 
 
HCN3 12.6 90.6 
HCRT 11.6 78.8 
 
HCRTR1 15.7 74.6 
 
HCRTR2 16.0 89.4 
HDC 15.9 77.3 
 
HDDC2 13.9 68.2 
 
HDDC3 15.3 69.4 
HDGF 11.4 74.4 
 
HDHD1A 14.4 60.9 
 
HDHD2 16.5 84.9 
HDHD3 14.1 64.3 
 
HEATR3 13.6 78.6 
 
HEATR5A 14.5 69.2 
HEATR5B 14.5 86.6 
 
HEATR7B2 15.6 52.7 
 
HEBP1 16.4 73.1 
HEBP2 13.6 70.9 
 
HECA 13.2 77.9 
 
HECTD3 15.8 96.4 
HECW1 12.9 67.5 
 
HELB 14.2 49.1 
 
HELLS 14.8 79.8 
HELZ 13.5 81.7 
 
HEMGN 13.2 25.6 
 
HEMK1 14.1 59.7 
HEPACAM 12.8 89.5 
 
HEPACAM2 16.1 68.4 
 
HEPHL1 15.5 78.6 
HERC2 14.0 92.8 
 
HERC3 18.4 93.3 
 
HERC4 17.6 75.1 
HERC5 16.0 26.5 
 
HERPUD1 12.9 80.2 
 
HERPUD2 15.8 85.3 
HES2 12.4 58.3 
 
HES3 13.9 45.8 
 
HES5 14.8 81.2 
HES6 12.0 59.3 
 
HESX1 14.9 71.1 
 
HEXA 15.9 71.9 
HEXB 15.4 49.8 
 
HEXIM1 14.3 61.1 
 
HEXIM2 12.2 49.5 
HEY1 14.2 90.5 
 
HEYL 14.2 61.7 
 
HFM1 14.8 44.7 
HGF 16.2 86.5 
 
HGS 14.4 86.9 
 
HGSNAT 15.9 57.5 
HHATL 16.4 84.6 
 
HHEX 14.2 88.3 
 
HHIP 17.7 89.3 
HIBADH 15.4 88.1 
 
HIBCH 15.6 70.8 
 
HIC2 12.5 73.7 
HIF1A 15.3 86.7 
 
HIF1AN 14.2 75.5 
 
HIF3A 13.3 72.7 
HIGD2A 15.9 70.1 
 
HINT1 17.6 89.0 
 
HINT3 15.8 40.4 
HIP1 13.7 67.8 
 
HIP1R 13.2 73.6 
 
HIPK1 12.5 96.1 
HIPK3 16.2 85.9 
 
HIRIP3 11.9 40.5 
 
HISPPD1 14.5 78.8 
HISPPD2A 13.1 80.0 
 
HIVEP2 13.1 80.0 
 
HK2 14.7 77.5 
HLTF 16.9 72.1 
 
HMBOX1 16.8 98.3 
 
HMBS 16.8 75.8 
HMG20A 13.8 93.7 
 
HMG20B 14.9 65.3 
 
HMGB1 16.6 98.2 
HMGB2 16.1 96.2 
 
HMGB3 14.8 79.4 
 
HMGB4 14.8 62.1 
HMGCL 14.8 78.5 
 
HMGCLL1 15.9 84.6 
 
HMGCR 14.2 90.6 
HMGCS1 16.3 74.6 
 
HMGCS2 15.6 78.4 
 
HMGXB4 12.4 67.7 
HMMR 13.9 36.7 
 
HMOX1 13.4 60.0 
 
HN1 14.1 85.8 
HN1L 11.5 61.8 
 
HNF1A 13.4 90.7 
 
HNF1B 14.1 91.1 
HNF4A 15.5 91.2 
 
HNF4G 15.3 84.0 
 
HNRNPA0 17.7 89.0 
HNRNPA1L2 15.8 68.8 
 
HNRNPA3 24.1 93.2 
 
HNRNPAB 16.8 56.0 
HNRNPC 15.9 90.2 
 
HNRNPD 17.2 95.8 
 
HNRNPF 18.7 95.9 
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HNRNPH1 18.8 99.6 
 
HNRNPH2 20.0 98.2 
 
HNRNPK 19.4 97.6 
HNRNPL 17.8 92.9 
 
HNRNPM 16.0 97.1 
 
HNRNPR 20.2 99.2 
HNRNPU 13.3 82.3 
 
HNRNPUL1 15.4 93.6 
 
HNRNPUL2 14.3 74.1 
HNRPDL 19.1 71.3 
 
HNRPLL 19.1 85.7 
 
HOMER1 15.6 92.7 
HOMER2 18.0 84.1 
 
HOOK2 12.9 61.7 
 
HOOK3 19.4 95.8 
HORMAD1 17.4 55.3 
 
HOXA1 13.5 88.1 
 
HOXA2 16.1 92.1 
HOXA3 12.8 89.7 
 
HOXA4 13.9 65.0 
 
HOXA5 16.6 97.4 
HOXA7 12.9 80.3 
 
HOXA9 16.9 50.5 
 
HOXB1 14.4 57.9 
HOXB2 12.2 72.9 
 
HOXB7 14.2 91.3 
 
HOXB9 20.3 96.4 
HOXC12 15.6 89.8 
 
HOXC13 14.4 90.6 
 
HOXC4 14.9 98.5 
HOXD10 16.1 98.2 
 
HOXD11 15.3 88.6 
 
HOXD12 14.5 77.1 
HP1BP3 15.2 85.1 
 
HPCA 26.7 99.5 
 
HPD 15.9 85.3 
HPDL 13.9 63.8 
 
HPGD 16.4 83.7 
 
HPN 13.9 84.5 
HPRT1 17.5 92.2 
 
HPS1 14.5 69.4 
 
HPS5 14.7 73.1 
HPS6 13.4 71.4 
 
HPSE 15.6 46.8 
 
HPX 15.0 56.4 
HR 13.1 66.3 
 
HRASLS 14.8 65.9 
 
HRC 12.0 21.7 
HRH1 14.8 62.4 
 
HRH2 15.7 71.1 
 
HRH3 16.4 71.9 
HRH4 17.0 49.4 
 
HRSP12 17.4 72.5 
 
HS2ST1 17.3 84.3 
HS3ST1 14.3 78.6 
 
HS3ST2 15.5 87.8 
 
HS3ST3A1 13.7 74.3 
HS3ST3B1 16.2 81.1 
 
HS3ST5 15.1 96.0 
 
HSD11B1 16.3 64.4 
HSD11B2 13.9 53.7 
 
HSD17B1 14.4 53.0 
 
HSD17B10 14.5 84.0 
HSD17B11 16.4 67.5 
 
HSD17B13 15.6 67.9 
 
HSD17B2 16.0 42.6 
HSD17B4 14.9 71.5 
 
HSD17B6 16.4 63.5 
 
HSD17B7 15.6 69.3 
HSD3B1 15.9 63.4 
 
HSD3B7 13.7 80.0 
 
HSDL1 17.9 83.1 
HSDL2 15.0 69.3 
 
HSF1 13.0 79.1 
 
HSF2 15.5 78.3 
HSF4 12.4 69.7 
 
HSH2D 13.5 39.6 
 
HSPA12A 16.3 82.6 
HSPA12B 15.0 77.6 
 
HSPA14 13.5 85.9 
 
HSPA1L 17.6 92.5 
HSPA2 17.4 96.3 
 
HSPA4L 16.3 84.1 
 
HSPA8 17.8 98.9 
HSPA9 18.1 96.8 
 
HSPB1 14.5 73.7 
 
HSPB2 14.0 91.8 
HSPB3 13.7 77.4 
 
HSPB8 14.0 87.8 
 
HSPBAP1 14.1 62.1 
HSPBP1 12.4 90.6 
 
HSPD1 18.3 77.2 
 
HSPH1 16.8 68.6 
HTATIP2 16.3 81.5 
 
HTATSF1 12.9 50.4 
 
HTR1A 14.2 81.6 
HTR1D 15.4 79.9 
 
HTR2A 16.1 85.4 
 
HTR2B 15.7 64.5 
HTR3A 15.1 73.1 
 
HTR3B 15.7 59.2 
 
HTR4 17.3 85.9 
HTR5A 15.0 75.9 
 
HTR6 13.8 59.3 
 
HTR7 18.2 87.8 
HTRA4 14.1 48.9 
 
HTT 14.3 81.7 
 
HUNK 13.9 71.0 
HUWE1 14.0 96.3 
 
HVCN1 15.4 59.4 
 
HYAL1 14.5 53.3 
HYAL2 14.9 72.8 
 
HYAL3 15.6 63.1 
 
HYOU1 12.6 76.7 
IAH1 15.0 75.2 
 
IARS2 15.0 67.3 
 
IBSP 12.4 54.7 
IBTK 14.7 78.8 
 
ICA1 13.2 83.7 
 
ICAM1 14.6 30.0 
ICAM2 16.1 28.2 
 
ICAM4 14.2 41.0 
 
ICAM5 12.1 78.1 
ICK 14.9 73.8 
 
ICOS 15.9 48.1 
 
ID1 14.3 63.9 
ID3 15.9 94.2 
 
IDE 16.2 91.6 
 
IDH1 16.9 92.3 
IDH2 13.1 76.9 
 
IDH3A 16.0 94.8 
 
IDH3B 15.0 90.4 
IDH3G 16.3 92.4 
 
IDO1 14.6 50.9 
 
IDO2 13.9 46.7 
IDS 14.8 65.7 
 
IER2 13.3 68.7 
 
IER3 14.5 57.1 
IER5L 12.9 85.7 
 
IFI35 14.2 51.4 
 
IFIH1 15.0 68.0 
IFIT2 15.1 45.2 
 
IFIT3 15.1 23.0 
 
IFITM2 16.0 35.4 
IFITM5 14.1 52.5 
 
IFLTD1 14.5 30.9 
 
IFNAR1 15.4 33.8 
IFNAR2 15.0 27.7 
 
IFNB1 16.9 25.6 
 
IFNG 18.0 30.5 
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IFNGR1 14.6 32.5 
 
IFRD1 18.4 89.2 
 
IFRD2 13.4 69.8 
IFT122 14.9 74.0 
 
IFT172 17.4 92.7 
 
IFT52 18.6 78.9 
IFT57 13.9 65.5 
 
IFT80 18.1 88.5 
 
IFT81 16.8 84.7 
IFT88 16.4 85.0 
 
IGBP1 14.4 68.6 
 
IGDCC3 13.5 70.7 
IGDCC4 12.9 79.1 
 
IGF1 17.4 56.8 
 
IGF1R 15.4 79.8 
IGF2 16.0 56.1 
 
IGF2BP1 17.7 98.6 
 
IGF2BP2 16.9 64.4 
IGF2BP3 18.5 94.5 
 
IGF2R 14.2 69.2 
 
IGFALS 14.4 24.7 
IGFBP2 13.5 60.8 
 
IGFBP5 18.8 92.7 
 
IGFBP6 12.0 58.0 
IGFBP7 15.3 87.3 
 
IGSF10 14.7 48.5 
 
IGSF2 15.0 48.4 
IGSF21 14.4 67.0 
 
IGSF3 14.6 79.0 
 
IGSF9 13.9 63.3 
IK 17.9 94.4 
 
IKBKB 16.4 86.5 
 
IKBKE 15.1 67.7 
IKZF1 13.6 73.6 
 
IKZF3 13.9 75.3 
 
IKZF4 16.8 95.1 
IKZF5 21.4 86.8 
 
IL10 14.2 60.0 
 
IL10RA 14.2 31.1 
IL10RB 15.4 45.3 
 
IL12A 14.7 42.4 
 
IL12B 14.8 57.2 
IL12RB1 14.2 35.2 
 
IL12RB2 15.1 53.2 
 
IL13 15.2 38.4 
IL13RA2 16.6 47.1 
 
IL15 15.8 64.4 
 
IL17A 14.9 38.0 
IL17B 12.9 84.5 
 
IL17F 14.2 39.2 
 
IL17RA 14.3 47.2 
IL17RD 14.0 71.9 
 
IL17RE 14.6 45.8 
 
IL18 15.2 52.0 
IL18BP 14.3 40.6 
 
IL18R1 15.7 46.8 
 
IL19 16.4 43.4 
IL1A 14.6 47.5 
 
IL1B 15.4 42.9 
 
IL1F10 14.4 64.7 
IL1F5 13.6 78.9 
 
IL1R1 16.1 36.5 
 
IL1RAPL1 18.1 63.2 
IL1RAPL2 15.2 84.3 
 
IL1RL1 15.7 47.9 
 
IL1RL2 15.8 45.2 
IL1RN 16.6 59.6 
 
IL2 15.4 37.1 
 
IL20RA 14.5 38.8 
IL20RB 15.5 40.6 
 
IL21 15.9 51.5 
 
IL21R 14.1 46.0 
IL22 15.7 53.4 
 
IL22RA1 14.1 53.5 
 
IL22RA2 15.8 56.9 
IL23A 15.7 59.0 
 
IL23R 15.5 56.7 
 
IL24 15.5 35.6 
IL25 13.9 54.4 
 
IL27 14.2 46.2 
 
IL27RA 15.1 40.7 
IL28RA 14.4 39.4 
 
IL2RA 14.7 33.3 
 
IL2RB 14.3 36.0 
IL2RG 14.7 58.4 
 
IL3 17.6 13.0 
 
IL31RA 15.0 40.8 
IL33 14.9 34.6 
 
IL4 16.2 27.6 
 
IL5 15.2 45.6 
IL5RA 15.6 36.0 
 
IL6 15.7 24.1 
 
IL7R 14.9 51.3 
IL8RB 17.0 58.4 
 
ILDR1 14.0 51.9 
 
ILF2 23.7 99.5 
ILF3 14.1 90.9 
 
ILK 20.9 98.5 
 
ILKAP 12.6 84.6 
ILVBL 15.1 66.7 
 
IMMT 14.9 79.1 
 
IMP3 19.0 69.7 
IMP4 15.7 78.2 
 
IMPA1 15.7 65.3 
 
IMPACT 16.2 71.0 
IMPAD1 17.7 88.4 
 
IMPDH1 16.6 78.4 
 
IMPDH2 15.3 97.5 
IMPG1 14.2 49.5 
 
IMPG2 14.2 55.1 
 
INA 12.1 89.6 
INCA1 13.8 39.1 
 
INCENP 12.7 56.1 
 
ING2 12.7 94.0 
ING3 17.1 94.1 
 
ING4 20.3 96.4 
 
ING5 13.6 87.6 
INHBA 16.6 87.6 
 
INHBC 13.9 52.6 
 
INHBE 13.9 65.2 
INMT 15.4 34.9 
 
INO80 15.9 95.3 
 
INO80B 16.0 86.9 
INO80C 15.6 66.4 
 
INO80D 15.4 79.9 
 
INO80E 13.7 73.5 
INPP1 14.7 56.3 
 
INPP4A 16.8 77.8 
 
INPP4B 14.6 74.9 
INPP5E 14.0 57.0 
 
INPPL1 14.5 92.7 
 
INSIG1 14.0 72.4 
INSIG2 20.4 94.3 
 
INSL3 13.7 40.7 
 
INSM2 12.3 58.9 
INSR 14.7 75.8 
 
INSRR 13.8 83.8 
 
INTS10 15.9 91.9 
INTS3 15.2 92.3 
 
INTS5 13.7 92.7 
 
INTS6 16.2 74.0 
INTS7 18.1 93.2 
 
INTS8 18.3 89.7 
 
INTS9 16.8 91.4 
INTU 14.3 71.0 
 
INVS 13.7 71.8 
 
IP6K1 16.5 91.4 
IP6K2 17.2 88.0 
 
IPMK 17.7 74.6 
 
IPO11 18.9 91.3 
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IPO13 17.4 97.6 
 
IPO4 13.7 75.7 
 
IPO7 19.0 99.2 
IPO8 18.0 85.7 
 
IPP 14.4 91.1 
 
IQCB1 14.8 78.5 
IQCC 13.5 21.5 
 
IQCE 13.0 41.6 
 
IQCF5 17.3 36.4 
IQCG 14.7 52.3 
 
IQCK 14.9 50.7 
 
IQGAP1 14.6 89.5 
IQGAP3 14.3 72.5 
 
IQSEC2 15.6 67.3 
 
IQWD1 14.4 84.5 
IRAK1 13.6 66.9 
 
IRAK1BP1 12.6 54.3 
 
IRAK2 14.1 57.3 
IRAK3 14.8 56.5 
 
IRAK4 15.1 77.5 
 
IRF1 14.2 77.0 
IRF2 15.5 87.1 
 
IRF2BP1 14.1 86.8 
 
IRF3 14.3 48.1 
IRF5 13.2 69.0 
 
IRF6 13.8 82.9 
 
IRF8 16.2 82.2 
IRF9 13.6 48.4 
 
IRG1 14.4 59.3 
 
IRGQ 12.3 60.8 
IRS1 12.0 78.5 
 
IRS4 13.1 58.2 
 
IRX3 11.3 87.0 
IRX4 12.9 49.9 
 
IRX5 13.4 91.8 
 
IRX6 12.4 52.0 
ISCU 15.7 93.5 
 
ISG15 14.1 44.0 
 
ISG20 14.2 62.6 
ISG20L2 14.0 65.4 
 
ISL1 26.6 98.3 
 
ISLR 13.4 79.5 
ISLR2 12.8 69.9 
 
ISY1 17.0 93.0 
 
ISYNA1 13.4 83.8 
ITCH 15.4 93.2 
 
ITFG1 16.3 84.4 
 
ITFG3 14.2 40.1 
ITGA1 15.1 80.4 
 
ITGA10 14.4 81.7 
 
ITGA11 14.9 83.7 
ITGA2 15.1 62.0 
 
ITGA2B 14.6 60.5 
 
ITGA4 15.3 62.9 
ITGA5 13.9 75.1 
 
ITGA6 15.1 87.5 
 
ITGA7 14.5 76.6 
ITGA9 14.4 80.2 
 
ITGAD 14.9 55.2 
 
ITGAL 14.8 59.3 
ITGAV 17.0 84.3 
 
ITGB1 13.6 86.3 
 
ITGB1BP1 18.4 91.5 
ITGB1BP2 17.4 85.5 
 
ITGB3 16.1 87.2 
 
ITGB4 14.2 66.6 
ITGB5 14.6 75.1 
 
ITGB6 15.1 86.4 
 
ITGB7 14.1 61.9 
ITGB8 14.9 80.9 
 
ITIH1 14.3 68.3 
 
ITIH2 15.0 76.1 
ITIH3 14.4 71.1 
 
ITIH4 14.0 50.5 
 
ITIH5 14.2 61.7 
ITK 14.6 76.2 
 
ITM2B 17.1 77.8 
 
ITM2C 13.2 87.5 
ITPK1 12.3 88.1 
 
ITPKA 12.8 65.4 
 
ITPKB 13.0 54.1 
ITPKC 13.5 57.3 
 
ITPR1 15.5 95.6 
 
ITPR2 14.2 93.9 
ITPR3 16.8 90.9 
 
ITPRIP 14.1 67.7 
 
ITSN1 16.3 92.0 
IVD 17.7 81.7 
 
IWS1 13.1 79.7 
 
IYD 15.2 76.0 
JAG1 16.1 92.5 
 
JAGN1 25.0 96.7 
 
JAK2 17.1 84.6 
JAKMIP1 16.2 66.0 
 
JAKMIP2 18.6 95.3 
 
JAM2 16.4 75.7 
JARID2 12.7 72.7 
 
JAZF1 20.1 84.4 
 
JDP2 15.2 88.6 
JMJD1C 13.9 73.8 
 
JMJD4 15.1 45.9 
 
JMJD5 14.4 59.4 
JMJD6 20.8 71.9 
 
JMY 12.8 64.0 
 
JOSD1 18.0 94.1 
JPH1 12.6 89.3 
 
JPH3 13.3 85.2 
 
JPH4 14.6 88.6 
JRK 13.7 57.7 
 
JRKL 15.6 89.3 
 
JTB 13.7 78.9 
JUB 14.3 88.3 
 
JUN 16.0 85.7 
 
JUNB 13.3 91.4 
JUND 11.6 65.8 
 
JUP 14.3 96.9 
 
KANK3 11.7 64.2 
KARS 17.7 82.3 
 
KAT2B 16.5 74.1 
 
KAT5 18.7 99.4 
KATNA1 15.2 91.5 
 
KATNAL1 17.4 91.7 
 
KATNAL2 13.8 48.7 
KATNB1 13.4 90.9 
 
KBTBD10 14.8 94.1 
 
KBTBD2 22.4 74.2 
KBTBD3 18.7 84.8 
 
KBTBD4 16.8 95.3 
 
KBTBD7 13.9 88.2 
KBTBD8 20.1 90.2 
 
KCNA1 16.9 95.4 
 
KCNA10 16.5 81.1 
KCNA2 18.2 97.8 
 
KCNA4 12.1 83.8 
 
KCNA5 12.9 77.3 
KCNA6 13.1 69.9 
 
KCNA7 16.1 67.4 
 
KCNAB1 20.3 98.5 
KCNAB2 17.8 98.4 
 
KCNAB3 14.3 90.1 
 
KCNB1 14.8 91.0 
KCNB2 12.8 75.2 
 
KCNC1 21.7 84.8 
 
KCNC4 15.8 86.4 
KCND1 14.1 92.3 
 
KCND2 15.4 97.2 
 
KCNE1L 12.5 67.6 
KCNE2 17.5 72.6 
 
KCNE4 15.7 80.7 
 
KCNF1 12.7 91.6 
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KCNG1 15.8 86.5 
 
KCNG3 17.4 68.7 
 
KCNG4 14.3 52.9 
KCNH1 13.2 89.0 
 
KCNH2 15.8 64.4 
 
KCNH3 14.9 84.3 
KCNH4 13.3 80.1 
 
KCNH5 16.4 96.9 
 
KCNH6 13.8 80.9 
KCNH7 14.3 83.2 
 
KCNIP1 20.9 71.8 
 
KCNIP2 17.8 58.7 
KCNIP3 17.8 88.7 
 
KCNJ1 18.8 68.5 
 
KCNJ11 16.7 92.8 
KCNJ12 13.0 68.1 
 
KCNJ13 18.2 88.6 
 
KCNJ14 11.9 90.4 
KCNJ15 13.0 93.9 
 
KCNJ16 16.6 85.5 
 
KCNJ2 21.3 97.4 
KCNJ3 17.1 98.2 
 
KCNJ5 12.6 89.3 
 
KCNJ6 16.0 70.1 
KCNJ8 21.3 97.7 
 
KCNK10 13.5 79.0 
 
KCNK12 15.7 97.0 
KCNK15 14.2 66.1 
 
KCNK18 16.2 52.5 
 
KCNK2 17.9 94.9 
KCNK3 20.2 83.3 
 
KCNK5 13.1 82.3 
 
KCNK6 13.9 73.3 
KCNK7 14.1 60.2 
 
KCNMA1 16.4 83.8 
 
KCNMB1 14.7 71.9 
KCNN1 14.6 68.3 
 
KCNN3 13.5 88.8 
 
KCNQ1 13.7 55.1 
KCNQ2 14.1 52.0 
 
KCNRG 14.8 62.8 
 
KCNS1 14.1 79.0 
KCNS2 18.9 88.7 
 
KCNS3 13.5 90.9 
 
KCNT1 16.3 78.7 
KCNV1 16.5 72.7 
 
KCTD10 19.7 89.2 
 
KCTD13 14.0 90.6 
KCTD15 14.8 96.5 
 
KCTD19 13.8 76.3 
 
KCTD20 12.6 85.0 
KCTD21 24.9 98.5 
 
KCTD4 21.9 95.8 
 
KCTD5 17.8 92.8 
KCTD7 16.4 95.9 
 
KDELC1 17.2 87.3 
 
KDELC2 15.8 71.9 
KDELR1 27.3 98.6 
 
KDELR2 28.1 98.1 
 
KDELR3 19.2 91.2 
KDM1 17.5 93.1 
 
KDM2A 19.7 96.7 
 
KDM2B 13.7 88.2 
KDM3A 14.1 85.5 
 
KDM3B 12.8 67.0 
 
KDM4B 14.0 66.6 
KDM5A 16.0 88.6 
 
KDM5B 13.9 73.9 
 
KDM5C 13.2 92.8 
KDM6A 15.7 94.1 
 
KDR 15.2 79.4 
 
KEAP1 13.2 93.0 
KEL 14.7 51.8 
 
KERA 16.2 81.9 
 
KHDRBS1 15.8 86.0 
KHDRBS2 16.0 73.8 
 
KHDRBS3 15.4 94.0 
 
KIF11 14.1 55.3 
KIF13B 13.1 76.1 
 
KIF15 14.3 60.7 
 
KIF16B 13.4 67.3 
KIF18A 14.3 68.0 
 
KIF1C 12.4 84.1 
 
KIF20B 14.2 47.1 
KIF22 13.5 76.8 
 
KIF23 15.2 82.5 
 
KIF24 13.4 49.6 
KIF27 14.0 59.5 
 
KIF2A 14.5 85.9 
 
KIF2B 14.1 54.1 
KIF2C 14.0 81.3 
 
KIF3B 16.5 94.8 
 
KIF3C 14.4 92.1 
KIF5A 13.7 88.8 
 
KIF5B 15.5 96.2 
 
KIF5C 14.5 96.6 
KIF9 15.1 76.2 
 
KIFC1 12.6 57.1 
 
KIRREL3 17.7 64.5 
KIT 14.8 74.6 
 
KLC1 14.4 91.7 
 
KLC2 14.3 79.7 
KLC3 12.3 84.1 
 
KLF1 12.6 52.2 
 
KLF14 12.1 40.7 
KLF15 12.7 70.5 
 
KLF3 16.4 71.2 
 
KLF5 13.9 85.9 
KLF7 14.5 95.1 
 
KLHDC1 15.4 85.8 
 
KLHDC2 23.2 93.1 
KLHDC3 18.5 95.6 
 
KLHDC5 14.7 85.2 
 
KLHDC7A 13.2 38.4 
KLHDC8A 14.8 90.3 
 
KLHDC8B 16.9 93.2 
 
KLHL1 16.1 73.5 
KLHL10 17.3 98.2 
 
KLHL11 15.9 96.1 
 
KLHL13 17.3 90.7 
KLHL14 18.3 78.1 
 
KLHL15 18.7 97.7 
 
KLHL17 14.4 92.7 
KLHL18 18.7 78.3 
 
KLHL2 18.8 76.1 
 
KLHL20 25.0 99.0 
KLHL21 15.3 94.7 
 
KLHL22 16.4 87.2 
 
KLHL24 19.9 98.8 
KLHL25 15.4 91.5 
 
KLHL26 13.7 61.0 
 
KLHL28 20.6 96.5 
KLHL3 14.5 70.3 
 
KLHL32 17.3 74.4 
 
KLHL36 14.4 82.7 
KLHL38 15.5 73.4 
 
KLHL7 15.9 89.6 
 
KLK11 14.3 62.9 
KLK12 15.2 51.6 
 
KLK13 14.3 63.1 
 
KLK4 13.7 49.0 
KLK5 14.3 60.9 
 
KLK6 15.1 59.8 
 
KLK7 14.7 58.5 
KLK8 14.2 49.3 
 
KLKB1 14.7 61.1 
 
KLRA1 16.8 17.0 
KLRAQ1 16.2 88.0 
 
KLRC1 15.9 19.0 
 
KLRD1 16.8 22.4 
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KLRK1 14.9 38.9 
 
KNG1 14.6 46.6 
 
KPNA1 19.8 97.4 
KPNA3 19.1 94.6 
 
KPNA6 16.6 98.3 
 
KPNB1 18.0 98.9 
KPTN 12.9 84.0 
 
KRBA1 12.2 29.4 
 
KREMEN1 16.5 72.8 
KRI1 13.4 58.2 
 
KRIT1 15.9 91.9 
 
KRR1 14.9 85.9 
KRT10 14.0 69.1 
 
KRT17 13.1 87.2 
 
KRT18 15.6 76.3 
KRT2 13.7 57.4 
 
KRT20 13.8 52.2 
 
KRT26 14.6 60.6 
KRT27 16.5 80.3 
 
KRT31 15.4 79.6 
 
KRT32 13.7 56.8 
KRT33A 13.6 78.6 
 
KRT33B 13.0 63.1 
 
KRT34 12.7 67.5 
KRT35 14.0 76.5 
 
KRT39 13.7 52.6 
 
KRT6A 14.4 76.8 
KRT7 13.7 69.0 
 
KRT72 14.1 70.3 
 
KRT73 14.0 69.2 
KRT74 13.3 50.2 
 
KRT8 16.2 68.3 
 
KRT80 14.1 70.3 
KRT82 13.6 72.0 
 
KRT83 13.8 63.7 
 
KRT84 13.5 68.1 
KRT85 13.1 87.0 
 
KRT86 13.5 80.3 
 
KRTCAP2 19.2 79.8 
KRTCAP3 16.1 65.6 
 
KTELC1 20.1 67.7 
 
KTN1 13.9 49.7 
KYNU 16.0 68.2 
 
L1CAM 14.6 80.5 
 
L2HGDH 14.5 75.9 
L3MBTL 13.7 59.3 
 
L3MBTL2 13.7 88.4 
 
LACE1 13.8 77.0 
LACTB 14.5 70.1 
 
LACTB2 17.0 74.4 
 
LALBA 16.4 52.1 
LAMA1 14.1 51.7 
 
LAMA4 14.4 80.6 
 
LAMB3 13.7 63.3 
LAMC1 13.8 67.4 
 
LAMC2 13.0 72.8 
 
LAMC3 13.0 47.4 
LAMP1 14.4 55.4 
 
LAMP2 15.5 56.7 
 
LAMP3 14.6 25.8 
LANCL1 17.5 82.0 
 
LANCL2 14.4 72.1 
 
LAP3 14.0 83.7 
LAPTM4A 23.4 72.8 
 
LAPTM5 16.8 71.3 
 
LARGE 15.9 86.7 
LARP4 15.3 76.1 
 
LARP6 13.5 64.8 
 
LARP7 13.8 67.9 
LARS 17.6 85.5 
 
LASP1 14.7 92.1 
 
LASS2 20.5 89.0 
LASS3 19.5 59.6 
 
LASS4 16.5 49.4 
 
LASS5 16.8 61.2 
LASS6 20.5 75.4 
 
LATS1 15.6 67.2 
 
LATS2 13.1 62.9 
LBH 14.1 85.9 
 
LBP 14.9 45.6 
 
LBR 16.1 69.3 
LBX1 13.1 94.7 
 
LBX2 12.2 47.5 
 
LCA5L 13.6 41.0 
LCAT 15.1 80.1 
 
LCK 13.5 93.5 
 
LCLAT1 19.7 74.7 
LCN2 15.8 43.8 
 
LCOR 15.5 70.6 
 
LCP1 15.9 87.9 
LCP2 12.9 72.9 
 
LCT 14.8 52.1 
 
LCTL 15.5 65.7 
LDB1 19.6 88.4 
 
LDB2 15.7 64.7 
 
LDB3 12.6 74.3 
LDHA 16.0 83.7 
 
LDHAL6B 15.0 60.8 
 
LDHB 18.5 95.8 
LDHD 13.0 71.6 
 
LDLRAD1 13.4 51.9 
 
LDLRAD3 13.6 66.8 
LDLRAP1 13.7 70.2 
 
LDOC1 17.4 52.6 
 
LDOC1L 13.5 86.5 
LECT1 17.3 64.9 
 
LECT2 15.9 73.0 
 
LEF1 15.8 96.0 
LEMD3 13.4 59.3 
 
LENG1 11.7 56.8 
 
LENG8 12.3 72.8 
LEO1 12.2 79.0 
 
LEP 17.5 70.2 
 
LEPR 15.6 64.0 
LEPREL1 13.8 84.0 
 
LEPROT 18.4 93.2 
 
LEPROTL1 23.7 97.0 
LETM1 13.8 74.2 
 
LETMD1 18.1 69.5 
 
LGALS12 16.6 67.1 
LGALS2 14.6 53.4 
 
LGALS3 14.4 65.4 
 
LGALS3BP 14.8 53.6 
LGALS8 14.8 62.7 
 
LGALS9 14.8 51.4 
 
LGI1 17.0 91.8 
LGI2 18.3 82.7 
 
LGI4 15.1 83.7 
 
LGSN 14.5 64.9 
LGTN 14.7 68.6 
 
LHCGR 15.5 75.6 
 
LHFPL1 19.0 91.9 
LHFPL4 16.6 78.3 
 
LHX1 18.9 86.7 
 
LHX2 14.8 98.3 
LHX3 14.1 65.2 
 
LHX4 19.4 92.8 
 
LHX5 14.6 86.5 
LHX6 15.1 89.9 
 
LHX8 14.5 77.9 
 
LHX9 14.7 92.5 
LIAS 14.9 84.5 
 
LIF 15.3 73.5 
 
LIFR 15.2 65.5 
LIG3 13.7 73.9 
 
LIG4 15.3 77.9 
 
LIM2 21.1 70.8 
LIMA1 13.0 52.0 
 
LIMD1 12.9 65.2 
 
LIMK2 14.7 88.1 
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LIMS2 15.2 81.0 
 
LIN28 15.4 92.4 
 
LIN28B 13.0 63.1 
LIN37 16.3 67.1 
 
LIN7A 18.6 88.5 
 
LIN7B 17.7 94.2 
LIN7C 23.2 99.5 
 
LINGO1 14.9 97.6 
 
LINGO2 18.7 96.4 
LINGO3 12.9 84.3 
 
LIPA 16.6 59.4 
 
LIPC 15.0 44.7 
LIPF 17.0 60.9 
 
LIPH 15.4 65.8 
 
LIPK 16.1 63.5 
LITAF 17.0 81.5 
 
LIX1 16.4 92.2 
 
LLGL1 13.3 74.2 
LLGL2 14.5 65.3 
 
LMAN1 14.9 81.3 
 
LMAN2 18.5 89.2 
LMAN2L 15.7 85.6 
 
LMBR1 17.9 92.9 
 
LMBRD1 18.9 86.2 
LMBRD2 17.2 79.9 
 
LMCD1 16.3 75.4 
 
LMF1 15.8 65.6 
LMF2 14.8 44.0 
 
LMNA 14.8 81.4 
 
LMNB1 14.2 72.4 
LMNB2 13.1 61.1 
 
LMO1 20.2 96.2 
 
LMO3 27.6 92.4 
LMO4 25.5 99.4 
 
LMOD3 12.7 70.5 
 
LNPEP 15.5 76.2 
LNX1 13.8 65.5 
 
LNX2 13.7 81.8 
 
LOH12CR1 15.8 90.9 
LONP1 13.7 83.2 
 
LONP2 17.0 91.9 
 
LOX 12.8 79.5 
LOXL2 14.7 74.6 
 
LOXL3 14.5 88.7 
 
LOXL4 14.0 79.5 
LPAR1 15.6 89.9 
 
LPAR2 14.2 88.1 
 
LPAR3 17.0 78.2 
LPAR4 21.8 95.7 
 
LPCAT1 14.7 61.2 
 
LPCAT2 17.8 80.4 
LPCAT3 16.9 80.3 
 
LPCAT4 14.0 78.8 
 
LPGAT1 17.1 83.8 
LPHN1 14.8 82.5 
 
LPHN2 15.0 89.1 
 
LPHN3 19.6 88.3 
LPIN1 13.8 79.3 
 
LPIN2 13.3 62.6 
 
LPIN3 13.3 67.4 
LPL 14.9 85.0 
 
LPO 14.3 64.4 
 
LPP 13.1 83.4 
LPXN 16.2 71.7 
 
LRAT 15.2 71.6 
 
LRCH1 14.1 54.6 
LRCH2 15.4 88.6 
 
LRCH4 13.2 64.7 
 
LRFN2 14.9 87.5 
LRFN4 14.0 94.2 
 
LRG1 13.6 42.0 
 
LRGUK 15.0 58.9 
LRIG1 14.2 67.5 
 
LRIG2 16.5 71.6 
 
LRIG3 16.9 66.7 
LRP10 14.0 79.5 
 
LRP12 13.9 62.8 
 
LRP2BP 15.8 80.5 
LRP4 15.1 88.6 
 
LRP6 18.2 88.0 
 
LRPAP1 14.2 49.8 
LRRC10 14.3 71.4 
 
LRRC14 14.8 81.9 
 
LRRC16A 13.9 76.9 
LRRC18 14.8 73.4 
 
LRRC2 14.8 78.8 
 
LRRC20 15.9 64.7 
LRRC23 14.3 70.1 
 
LRRC24 12.8 74.0 
 
LRRC25 14.3 33.8 
LRRC28 17.1 86.4 
 
LRRC3 14.2 51.8 
 
LRRC32 14.6 64.6 
LRRC33 14.2 50.5 
 
LRRC34 15.7 43.9 
 
LRRC36 13.9 50.9 
LRRC39 13.9 79.1 
 
LRRC3B 19.2 98.9 
 
LRRC4 17.3 86.1 
LRRC41 15.4 91.7 
 
LRRC42 12.9 83.9 
 
LRRC46 13.3 57.6 
LRRC47 13.1 73.3 
 
LRRC48 15.0 66.9 
 
LRRC49 14.8 77.7 
LRRC4B 11.8 93.3 
 
LRRC4C 22.2 99.1 
 
LRRC52 15.5 61.5 
LRRC55 17.2 71.7 
 
LRRC57 16.6 82.3 
 
LRRC6 15.0 66.7 
LRRC7 14.2 74.8 
 
LRRC8A 18.0 97.8 
 
LRRC8B 15.5 91.3 
LRRC8C 16.0 96.6 
 
LRRC8D 17.9 93.6 
 
LRRC8E 14.7 86.1 
LRRFIP2 15.0 92.3 
 
LRRK1 14.5 59.2 
 
LRRK2 15.3 79.3 
LRRN1 17.5 93.4 
 
LRRN3 17.4 83.8 
 
LRRN4 14.0 30.7 
LRRTM1 17.6 93.9 
 
LRRTM2 21.0 97.3 
 
LRRTM3 15.7 86.6 
LRSAM1 13.8 81.5 
 
LSG1 14.0 63.9 
 
LSM10 13.9 84.7 
LSM14A 17.1 84.1 
 
LSM3 24.6 99.0 
 
LSM4 19.2 95.0 
LSM7 19.0 96.2 
 
LSP1 11.6 46.8 
 
LSR 13.7 59.3 
LTA 18.2 55.3 
 
LTA4H 16.9 79.8 
 
LTBP1 14.2 67.6 
LTBR 14.2 53.9 
 
LTC4S 17.6 63.4 
 
LTF 14.4 52.7 
LTV1 13.9 59.6 
 
LUC7L 12.0 81.7 
 
LUC7L2 16.9 86.0 
LUM 15.5 81.1 
 
LXN 14.3 74.9 
 
LY6G5B 15.3 43.8 
LY6G6C 16.9 73.2 
 
LY75 15.7 56.3 
 
LY86 15.6 53.4 
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LY9 14.8 25.7 
 
LY96 17.6 50.3 
 
LYAR 13.6 61.1 
LYG2 18.1 58.9 
 
LYN 19.9 89.7 
 
LYPD3 13.2 56.6 
LYPLA1 16.7 61.0 
 
LYPLA2 17.9 79.7 
 
LYPLAL1 17.2 69.2 
LYRM7 16.5 60.5 
 
LYSMD1 12.5 75.9 
 
LYSMD2 14.8 43.3 
LYST 14.7 78.1 
 
LYVE1 14.6 54.2 
 
LYZL6 15.7 47.1 
LZIC 13.8 75.4 
 
LZTFL1 15.4 83.7 
 
LZTR1 13.2 90.6 
LZTS1 13.1 81.6 
 
LZTS2 14.5 85.4 
 
M6PR 15.4 60.2 
M6PRBP1 13.0 52.8 
 
MAB21L1 26.2 99.7 
 
MAB21L2 17.9 99.4 
MACC1 15.2 62.5 
 
MACF1 13.5 79.3 
 
MACROD1 14.4 64.6 
MAD1L1 12.9 59.9 
 
MAD2L1 14.2 92.2 
 
MAD2L1BP 14.3 68.2 
MAD2L2 16.4 83.2 
 
MADCAM1 13.9 26.5 
 
MADD 14.0 85.7 
MAEA 18.9 71.0 
 
MAEL 15.7 80.9 
 
MAF1 19.2 77.8 
MAFF 11.3 81.5 
 
MAFK 16.7 60.6 
 
MAG 14.5 82.8 
MAGEA10 14.7 24.6 
 
MAGEB18 14.8 43.5 
 
MAGED2 13.1 76.5 
MAGEE2 14.4 57.9 
 
MAGEH1 11.4 85.5 
 
MAGI3 14.0 91.1 
MAGIX 12.1 27.0 
 
MAGMAS 17.7 89.7 
 
MAGOH 28.3 99.3 
MAK 14.0 76.8 
 
MAK10 17.3 96.6 
 
MAK16 12.2 61.4 
MAL 17.2 71.4 
 
MAL2 19.9 65.0 
 
MALL 22.0 71.8 
MALT1 14.6 60.8 
 
MAMDC2 15.1 67.0 
 
MAMDC4 13.7 54.1 
MAML2 12.5 58.1 
 
MAN1C1 15.1 61.9 
 
MAN2A1 15.3 60.0 
MAN2B1 14.7 65.3 
 
MAN2B2 14.9 39.1 
 
MANBA 15.9 61.4 
MANF 14.8 88.2 
 
MANSC1 14.5 36.1 
 
MAOA 15.5 79.7 
MAOB 16.7 81.8 
 
MAP1LC3A 17.8 96.7 
 
MAP1LC3B 17.8 93.7 
MAP2K1 19.5 98.2 
 
MAP2K3 15.7 93.4 
 
MAP2K4 12.5 86.6 
MAP2K6 18.8 96.1 
 
MAP2K7 17.3 81.2 
 
MAP3K1 12.9 83.5 
MAP3K11 15.7 79.6 
 
MAP3K14 13.7 76.8 
 
MAP3K2 16.2 94.0 
MAP3K3 17.3 78.0 
 
MAP3K4 13.8 81.1 
 
MAP3K5 14.0 70.4 
MAP3K6 13.3 69.0 
 
MAP3K7IP1 17.6 62.3 
 
MAP3K7IP2 14.7 92.2 
MAP4K1 13.2 80.9 
 
MAP4K2 13.6 81.7 
 
MAP4K3 15.3 94.9 
MAP4K5 16.3 94.9 
 
MAPK1 22.5 98.3 
 
MAPK10 26.1 91.6 
MAPK11 16.7 60.9 
 
MAPK12 16.3 67.4 
 
MAPK13 16.2 88.0 
MAPK14 17.0 95.0 
 
MAPK15 13.3 57.6 
 
MAPK1IP1L 13.5 76.5 
MAPK3 19.1 90.6 
 
MAPK7 11.5 83.2 
 
MAPK8 19.8 88.1 
MAPK8IP1 12.1 75.5 
 
MAPK8IP2 11.3 78.0 
 
MAPK9 19.5 77.7 
MAPKAP1 17.0 96.4 
 
MAPKAPK3 13.3 73.2 
 
MAPKBP1 13.2 79.4 
MAPKSP1 16.7 96.0 
 
MAPRE1 14.6 70.6 
 
MAPRE3 21.8 93.6 
MAPT 11.8 81.1 
 
3-Mar 21.8 79.1 
 
5-Mar 23.8 98.6 
6-Mar 16.2 72.6 
 
7-Mar 12.7 75.3 
 
8-Mar 16.1 81.9 
MARCKS 10.1 29.6 
 
MARCKSL1 13.3 86.6 
 
MARK1 15.9 91.0 
MARK2 15.5 83.4 
 
MARS 14.1 84.1 
 
MARS2 13.8 78.5 
MARVELD2 14.5 68.6 
 
MAS1 15.8 73.9 
 
MASP1 15.0 58.7 
MAST3 12.7 79.9 
 
MASTL 14.1 64.1 
 
MAT1A 18.2 92.2 
MAT2A 20.5 98.7 
 
MATN1 15.8 59.6 
 
MATN2 14.2 73.7 
MATN3 13.9 60.5 
 
MATR3 13.6 85.5 
 
MAVS 13.3 32.5 
MAX 16.8 95.7 
 
MB 15.6 72.9 
 
MBD1 13.0 47.7 
MBD3 14.0 80.5 
 
MBIP 15.5 77.1 
 
MBLAC1 14.3 51.5 
MBLAC2 17.9 93.6 
 
MBNL1 17.5 96.1 
 
MBNL2 14.7 82.2 
MBNL3 14.7 70.6 
 
MBOAT1 19.4 72.0 
 
MBP 15.4 73.5 
MC1R 15.9 63.2 
 
MC2R 16.6 73.2 
 
MC4R 18.4 88.3 
MCAT 13.5 62.5 
 
MCCC1 14.1 76.7 
 
MCEE 14.3 58.5 
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MCF2 14.7 60.7 
 
MCF2L 13.6 68.3 
 
MCFD2 18.3 57.7 
MCHR1 16.3 77.8 
 
MCL1 13.7 69.6 
 
MCM10 14.1 64.1 
MCM2 13.8 77.7 
 
MCM3AP 13.8 68.1 
 
MCM4 13.9 79.4 
MCM5 16.2 76.9 
 
MCM6 15.1 80.3 
 
MCM7 16.4 90.4 
MCM8 13.8 78.6 
 
MCOLN1 14.7 75.7 
 
MCOLN2 15.4 71.3 
MCPH1 14.0 38.6 
 
MCRS1 16.7 97.2 
 
MCTP2 16.2 65.0 
MCTS1 26.3 98.9 
 
MDGA1 16.6 68.4 
 
MDGA2 15.8 78.4 
MDH1 18.3 91.3 
 
MDH1B 15.4 37.8 
 
MDH2 16.7 56.4 
MDM2 13.2 74.5 
 
MDM4 14.7 73.3 
 
MDN1 14.3 69.5 
ME1 14.2 73.5 
 
ME2 14.6 82.2 
 
ME3 15.7 89.1 
MEA1 15.8 81.4 
 
MECP2 13.3 85.1 
 
MECR 14.5 70.5 
MED1 16.5 92.5 
 
MED12 13.1 93.9 
 
MED13 15.8 84.1 
MED13L 13.7 84.1 
 
MED15 14.4 78.2 
 
MED17 15.7 79.5 
MED18 22.4 95.7 
 
MED19 13.4 71.0 
 
MED20 20.7 87.0 
MED21 17.0 96.6 
 
MED23 14.7 95.2 
 
MED25 13.2 87.2 
MED26 12.1 59.4 
 
MED27 16.9 96.5 
 
MED28 17.2 85.5 
MED29 12.8 74.0 
 
MED30 16.8 70.7 
 
MED6 20.2 71.7 
MED8 13.7 83.9 
 
MED9 15.9 66.9 
 
MEF2A 13.9 82.1 
MEF2C 19.2 84.4 
 
MEGF10 16.6 66.0 
 
MEGF6 13.1 59.7 
MEIS2 16.8 98.5 
 
MEIS3 15.2 59.0 
 
MELK 15.0 76.7 
MEMO1 20.9 66.3 
 
MEN1 12.0 95.8 
 
MEOX1 14.8 65.6 
MEOX2 15.6 97.1 
 
MEP1B 14.5 63.6 
 
MERTK 15.2 66.3 
MESDC1 15.6 95.6 
 
MESDC2 15.6 58.4 
 
MEST 23.2 93.2 
MET 15.6 83.3 
 
METAP2 14.4 93.3 
 
METT10D 13.4 82.4 
METT11D1 14.5 54.1 
 
METTL1 13.0 72.9 
 
METTL11A 13.9 80.1 
METTL11B 20.3 88.0 
 
METTL13 13.7 84.2 
 
METTL14 17.6 79.3 
METTL3 14.3 95.0 
 
METTL4 15.9 64.1 
 
METTL5 18.0 69.1 
METTL6 14.3 80.4 
 
METTL9 17.6 80.9 
 
MEX3B 12.9 69.2 
MFAP2 13.3 81.8 
 
MFAP3 14.9 75.5 
 
MFAP3L 14.6 67.5 
MFAP4 17.4 87.2 
 
MFAP5 15.3 66.7 
 
MFNG 16.6 73.3 
MFRP 14.4 60.3 
 
MFSD1 15.9 80.8 
 
MFSD2 15.7 68.7 
MFSD5 18.6 81.5 
 
MFSD6 14.2 75.2 
 
MGA 13.6 73.2 
MGAT1 15.9 84.2 
 
MGAT2 16.9 83.0 
 
MGAT3 13.7 89.7 
MGAT4A 15.3 90.1 
 
MGAT4B 16.1 75.1 
 
MGAT4C 18.2 75.5 
MGAT5 18.0 93.4 
 
MGLL 15.2 73.7 
 
MGMT 13.9 44.6 
MGST2 17.4 44.6 
 
MIA3 13.0 47.7 
 
MIB1 19.5 91.7 
MIB2 13.2 76.7 
 
MICAL1 12.9 55.0 
 
MICAL2 14.3 59.9 
MICALL2 12.5 22.1 
 
MID1 17.2 92.5 
 
MID1IP1 13.1 82.7 
MIDN 13.5 76.9 
 
MIER1 17.0 91.6 
 
MIER3 15.6 72.7 
MIF4GD 15.5 77.0 
 
MINA 14.1 61.2 
 
MIOS 15.1 96.8 
MIOX 14.9 77.6 
 
MIP 16.4 89.4 
 
MIS12 15.0 64.7 
MITF 14.3 90.0 
 
MKI67IP 14.5 44.5 
 
MKKS 15.1 62.4 
MKL1 12.2 67.5 
 
MKL2 12.6 66.3 
 
MKNK1 13.0 84.5 
MKRN2 13.5 64.5 
 
MKS1 15.3 73.5 
 
MKX 14.6 67.0 
MLC1 14.6 52.0 
 
MLEC 19.5 90.2 
 
MLF1 14.3 57.1 
MLF1IP 14.3 29.4 
 
MLF2 17.0 94.8 
 
MLH1 17.4 64.6 
MLL2 12.1 75.3 
 
MLLT1 12.8 62.0 
 
MLLT3 17.4 95.5 
MLLT4 13.5 72.7 
 
MLLT6 13.7 82.8 
 
MLST8 19.7 87.8 
MLX 14.9 89.3 
 
MLXIP 13.0 76.5 
 
MLXIPL 13.1 70.8 
MLYCD 14.2 62.0 
 
MMAB 17.4 73.3 
 
MMADHC 16.2 88.3 
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MMD 18.1 96.2 
 
MMD2 22.2 67.8 
 
MME 13.6 84.3 
MMEL1 14.2 68.3 
 
MMGT1 22.3 73.5 
 
MMP11 13.4 69.4 
MMP12 16.7 35.4 
 
MMP13 15.9 80.6 
 
MMP14 15.6 93.0 
MMP15 13.7 74.0 
 
MMP16 19.8 91.5 
 
MMP17 13.9 63.4 
MMP19 14.8 63.5 
 
MMP2 17.1 86.0 
 
MMP20 15.0 78.9 
MMP24 14.1 84.8 
 
MMP27 16.4 61.1 
 
MMP3 15.1 65.3 
MMP7 15.4 53.1 
 
MMP9 14.2 60.7 
 
MMRN1 14.6 43.6 
MMRN2 13.8 42.7 
 
MMS19 14.3 59.0 
 
MNAT1 18.4 92.9 
MND1 17.7 84.5 
 
MOBKL1B 27.9 99.5 
 
MOBKL2A 18.4 75.5 
MOBKL2B 20.5 73.8 
 
MOBKL2C 17.0 95.4 
 
MOBKL3 26.1 99.6 
MOCOS 14.3 61.1 
 
MOCS2 16.8 65.8 
 
MOCS3 15.4 62.3 
MOG 18.9 75.5 
 
MOGAT1 18.5 62.8 
 
MON1A 14.4 77.7 
MON2 16.7 92.9 
 
MORC3 14.0 74.6 
 
MORF4L1 20.9 73.1 
MORF4L2 15.9 86.3 
 
MORN3 15.6 74.1 
 
MORN4 24.3 94.6 
MORN5 16.3 67.6 
 
MOS 14.8 52.0 
 
MOSPD1 20.2 92.1 
MOSPD3 13.2 81.8 
 
MOV10 14.7 75.6 
 
MOV10L1 14.7 59.6 
MOXD1 15.0 78.3 
 
MPDU1 18.7 81.9 
 
MPDZ 13.9 75.0 
MPEG1 15.0 63.5 
 
MPHOSPH10 13.4 71.2 
 
MPHOSPH6 18.1 81.0 
MPI 14.0 77.6 
 
MPND 14.2 53.0 
 
MPP1 13.3 72.3 
MPP2 15.2 96.2 
 
MPP5 17.6 95.4 
 
MPP6 18.6 83.8 
MPP7 17.1 80.1 
 
MPPE1 15.7 53.5 
 
MPST 13.5 71.9 
MPV17L2 17.1 64.4 
 
MPZ 14.6 84.9 
 
MPZL1 15.2 75.3 
MPZL2 17.2 64.5 
 
MRAS 22.4 95.7 
 
MRE11A 13.9 83.0 
MREG 15.2 62.7 
 
MRGPRD 16.6 31.1 
 
MRGPRF 16.7 71.8 
MRGPRX2 17.5 30.9 
 
MRI1 12.8 78.9 
 
MRM1 13.2 59.3 
MRP63 15.2 68.9 
 
MRPL1 15.7 64.4 
 
MRPL10 14.2 68.1 
MRPL11 13.1 85.5 
 
MRPL12 13.9 77.2 
 
MRPL13 19.0 83.8 
MRPL14 18.3 78.1 
 
MRPL17 16.3 79.7 
 
MRPL18 16.3 67.2 
MRPL19 14.1 73.0 
 
MRPL2 16.0 77.9 
 
MRPL20 17.4 79.3 
MRPL21 17.9 60.4 
 
MRPL23 13.3 54.0 
 
MRPL24 15.9 79.3 
MRPL27 16.7 71.8 
 
MRPL28 14.9 66.8 
 
MRPL3 15.5 57.6 
MRPL30 16.0 71.0 
 
MRPL32 14.0 63.5 
 
MRPL35 15.9 64.6 
MRPL36 16.4 33.6 
 
MRPL37 15.4 68.4 
 
MRPL38 15.5 76.1 
MRPL4 14.1 65.7 
 
MRPL41 14.4 63.0 
 
MRPL43 13.1 73.8 
MRPL45 14.9 70.7 
 
MRPL46 15.8 65.9 
 
MRPL47 14.7 71.5 
MRPL48 17.3 73.2 
 
MRPL49 17.1 63.3 
 
MRPL50 15.4 61.9 
MRPL53 11.9 76.5 
 
MRPS10 14.6 64.4 
 
MRPS11 13.8 61.0 
MRPS12 14.0 60.7 
 
MRPS14 18.3 82.2 
 
MRPS15 15.1 42.2 
MRPS18A 16.9 70.6 
 
MRPS18B 14.0 69.9 
 
MRPS18C 15.1 66.7 
MRPS2 14.1 59.0 
 
MRPS26 13.5 58.0 
 
MRPS27 14.7 61.2 
MRPS28 13.6 65.3 
 
MRPS30 14.9 62.4 
 
MRPS31 14.9 51.8 
MRPS34 13.5 66.8 
 
MRPS6 14.8 67.9 
 
MRPS7 15.4 75.3 
MRPS9 14.6 60.2 
 
MRRF 14.2 76.8 
 
MRS2 13.9 65.3 
MRTO4 17.2 89.2 
 
MRVI1 12.9 72.2 
 
MS4A2 15.7 35.3 
MS4A5 17.3 43.3 
 
MS4A7 15.5 26.1 
 
MSC 12.6 76.8 
MSH2 14.2 89.4 
 
MSH3 14.7 56.6 
 
MSH4 15.0 76.4 
MSH5 13.7 80.1 
 
MSH6 14.4 77.4 
 
MSI1 17.6 95.9 
MSL3 15.4 74.5 
 
MSN 13.9 96.7 
 
MSR1 14.1 50.1 
MSRA 14.7 64.4 
 
MSRB2 13.8 62.8 
 
MST1 14.0 65.1 
MST1R 14.0 62.2 
 
MSTN 16.5 89.4 
 
MSTO1 14.2 69.2 
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MSX1 14.2 69.4 
 
MSX2 15.2 88.8 
 
MTA2 18.0 97.0 
MTBP 14.6 65.5 
 
MTCH2 15.1 88.5 
 
MTDH 13.4 71.9 
MTF1 13.7 75.1 
 
MTF2 21.9 80.5 
 
MTFMT 15.0 69.4 
MTFR1 13.3 63.4 
 
MTHFD1 16.2 87.8 
 
MTHFD1L 13.5 77.3 
MTHFD2 14.8 71.7 
 
MTHFD2L 15.4 76.2 
 
MTHFR 14.1 70.2 
MTHFS 16.3 70.7 
 
MTHFSD 14.1 36.7 
 
MTIF2 15.4 72.4 
MTIF3 14.6 45.4 
 
MTL5 13.3 49.7 
 
MTM1 17.7 63.4 
MTMR1 18.1 78.8 
 
MTMR10 15.0 82.7 
 
MTMR14 14.4 64.4 
MTMR15 14.0 51.3 
 
MTMR2 19.2 85.5 
 
MTMR3 13.7 63.0 
MTMR4 13.4 77.0 
 
MTMR6 15.2 67.1 
 
MTMR7 15.0 86.4 
MTMR9 16.4 92.2 
 
MTNR1A 16.5 71.5 
 
MTO1 15.0 76.8 
MTPAP 14.9 66.7 
 
MTPN 30.5 97.5 
 
MTR 14.7 85.1 
MTRF1 16.9 73.7 
 
MTRF1L 18.1 59.2 
 
MTRR 14.4 63.7 
MTSS1 15.4 92.7 
 
MTSS1L 13.5 77.9 
 
MTTP 14.5 72.8 
MTX2 18.1 88.1 
 
MUDENG 15.6 76.8 
 
MUL1 16.2 76.8 
MUM1 13.5 43.4 
 
MUM1L1 14.5 41.4 
 
MURC 13.9 59.7 
MUSK 13.8 74.8 
 
MUT 16.8 73.9 
 
MUTED 14.4 40.9 
MUTYH 13.9 58.2 
 
MVD 13.5 75.4 
 
MVK 13.7 58.9 
MVP 14.4 82.2 
 
MXD3 14.3 77.8 
 
MXD4 17.0 86.2 
MXI1 17.0 92.2 
 
MXRA8 14.0 66.2 
 
MYADM 15.3 62.2 
MYBBP1A 14.1 51.2 
 
MYBL2 13.1 61.8 
 
MYBPC1 14.6 79.7 
MYBPC3 13.8 79.4 
 
MYBPH 12.9 70.5 
 
MYBPHL 15.5 54.9 
MYC 13.0 84.2 
 
MYCBP 17.6 78.0 
 
MYCBP2 15.7 93.8 
MYCL1 13.5 76.9 
 
MYD88 13.3 69.1 
 
MYEF2 15.5 70.9 
MYF5 14.6 77.3 
 
MYH10 16.1 97.5 
 
MYH11 15.5 91.8 
MYH15 14.4 57.3 
 
MYH2 17.6 93.2 
 
MYH3 16.0 96.2 
MYH8 16.7 94.3 
 
MYL1 15.2 89.2 
 
MYL12B 17.3 98.3 
MYL2 22.1 91.0 
 
MYL3 14.0 73.1 
 
MYL4 14.0 85.4 
MYL6 21.3 90.1 
 
MYL6B 13.9 73.5 
 
MYLIP 14.8 68.3 
MYLK2 12.7 68.7 
 
MYLK3 13.3 38.7 
 
MYLPF 15.8 93.0 
MYNN 15.5 65.1 
 
MYO10 14.4 73.6 
 
MYO18A 13.7 90.4 
MYO18B 12.8 60.1 
 
MYO1A 14.9 77.6 
 
MYO1B 16.0 93.7 
MYO1D 16.3 84.3 
 
MYO1E 15.2 91.4 
 
MYO1F 14.9 82.8 
MYO3A 14.8 62.0 
 
MYO5A 17.9 83.9 
 
MYO5C 14.8 80.6 
MYO6 13.9 90.5 
 
MYO7A 14.4 88.4 
 
MYO9A 14.3 60.8 
MYO9B 13.4 70.7 
 
MYOC 13.8 59.0 
 
MYOD1 11.3 83.8 
MYOF 15.1 88.6 
 
MYOG 14.5 86.7 
 
MYOM1 14.2 77.9 
MYOM3 14.4 70.3 
 
MYOT 14.8 85.0 
 
MYOZ1 12.3 78.6 
MYOZ3 14.1 63.9 
 
MYPN 13.3 76.1 
 
MYSM1 14.3 63.4 
MYT1 14.1 68.4 
 
MYT1L 12.6 79.8 
 
MZF1 12.8 32.9 
N4BP2 13.9 58.5 
 
N4BP2L1 13.5 33.6 
 
N6AMT1 15.0 78.6 
N6AMT2 14.8 57.8 
 
NAALAD2 14.9 77.6 
 
NAALADL1 13.9 52.0 
NAALADL2 14.8 50.5 
 
NAB1 14.3 62.2 
 
NAB2 14.4 93.4 
NACC1 15.0 75.8 
 
NACC2 13.7 87.3 
 
NADK 16.3 82.5 
NADSYN1 14.9 69.0 
 
NAE1 15.2 95.0 
 
NAGA 15.5 72.8 
NAGK 18.0 84.4 
 
NAGLU 14.2 67.3 
 
NAGPA 13.9 69.1 
NAGS 15.5 77.7 
 
NAIF1 13.5 91.8 
 
NALCN 15.4 92.7 
NAMPT 18.9 74.7 
 
NANOG 14.4 38.8 
 
NANOS3 12.7 55.2 
NANS 17.7 91.1 
 
NAP1L4 15.1 87.9 
 
NAP1L5 12.4 58.8 
NAPA 19.4 95.6 
 
NAPB 25.3 98.7 
 
NAPG 13.8 93.6 
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NAPRT1 13.0 71.4 
 
NARFL 14.2 49.0 
 
NARG1 17.2 91.8 
NARG2 14.0 67.5 
 
NARS 15.5 87.1 
 
NARS2 15.1 77.6 
NASP 11.8 57.5 
 
NAT10 14.6 92.4 
 
NAT12 13.7 78.2 
NAT14 14.9 91.8 
 
NAT15 16.5 94.7 
 
NAT5 21.3 79.4 
NAV3 12.4 86.4 
 
NBN 15.1 32.9 
 
NBR1 13.3 68.5 
NCALD 26.7 99.5 
 
NCAM1 13.7 73.5 
 
NCAM2 19.6 58.6 
NCAN 13.1 54.3 
 
NCAPD2 14.2 75.2 
 
NCAPD3 15.0 42.7 
NCAPG2 15.5 68.1 
 
NCAPH 13.7 51.4 
 
NCAPH2 13.4 57.1 
NCBP2 17.9 97.5 
 
NCCRP1 13.2 60.2 
 
NCDN 15.9 96.2 
NCF1 13.9 67.3 
 
NCF2 14.5 75.8 
 
NCF4 15.6 79.4 
NCK1 23.0 97.6 
 
NCK2 14.4 86.6 
 
NCKAP1 18.3 72.5 
NCKAP1L 17.9 89.1 
 
NCKIPSD 12.8 66.2 
 
NCL 12.0 72.8 
NCOA1 13.9 75.1 
 
NCOA2 12.5 89.8 
 
NCOA3 14.8 76.7 
NCOA4 14.9 55.8 
 
NCOA5 17.4 51.6 
 
NCOA6 13.9 85.7 
NCOR1 12.2 83.2 
 
NCRNA00153 13.2 32.9 
 
NCSTN 14.2 74.1 
NDC80 16.6 65.5 
 
NDEL1 15.1 80.7 
 
NDFIP2 16.0 60.7 
NDN 12.9 73.1 
 
NDP 19.9 91.8 
 
NDRG1 15.7 87.9 
NDRG2 15.4 89.5 
 
NDRG3 15.8 85.9 
 
NDST1 17.7 96.7 
NDST2 16.6 94.6 
 
NDST4 17.8 93.2 
 
NDUFA10 15.8 63.5 
NDUFA11 15.1 54.2 
 
NDUFA12 18.4 80.7 
 
NDUFA5 18.6 81.2 
NDUFA7 14.0 79.0 
 
NDUFA8 16.6 79.8 
 
NDUFA9 15.9 66.1 
NDUFAB1 16.7 70.3 
 
NDUFAF1 15.7 65.6 
 
NDUFAF2 14.6 60.6 
NDUFAF3 14.5 68.3 
 
NDUFAF4 14.4 60.8 
 
NDUFB10 18.9 71.0 
NDUFB4 15.8 62.3 
 
NDUFB7 17.2 73.2 
 
NDUFB8 15.3 75.4 
NDUFB9 15.1 81.1 
 
NDUFC2 17.0 57.0 
 
NDUFS1 16.7 91.8 
NDUFS2 15.5 90.1 
 
NDUFS3 15.1 81.3 
 
NDUFS4 18.8 75.6 
NDUFS7 13.4 75.4 
 
NDUFV1 16.4 92.5 
 
NDUFV2 16.2 90.0 
NECAP1 14.9 92.4 
 
NECAP2 14.7 80.9 
 
NEDD1 14.6 77.1 
NEDD4L 15.3 79.5 
 
NEFH 11.6 62.7 
 
NEFL 13.3 91.4 
NEGR1 17.5 52.1 
 
NEIL1 12.8 60.3 
 
NEIL3 14.7 46.9 
NEK4 13.6 46.8 
 
NEK6 19.0 93.0 
 
NEK7 15.3 97.4 
NEK8 15.8 83.9 
 
NEK9 16.0 90.4 
 
NELL2 17.5 86.6 
NEO1 17.3 71.7 
 
NES 11.8 32.6 
 
NET1 13.4 55.8 
NETO1 18.0 81.6 
 
NETO2 17.9 83.4 
 
NEU1 14.8 73.1 
NEU3 14.8 45.7 
 
NEURL2 15.1 87.1 
 
NEURL4 14.8 92.0 
NEUROD1 16.6 87.2 
 
NEUROD2 12.9 95.8 
 
NEUROD6 19.2 97.6 
NEUROG1 14.2 78.2 
 
NEUROG3 12.2 66.7 
 
NF2 16.2 84.7 
NFASC 16.7 67.1 
 
NFAT5 12.5 83.4 
 
NFATC1 13.5 59.0 
NFATC2 12.6 68.9 
 
NFATC2IP 13.2 59.7 
 
NFATC3 13.6 84.4 
NFE2 13.6 80.8 
 
NFE2L1 14.7 87.6 
 
NFE2L2 13.4 71.5 
NFE2L3 13.5 47.5 
 
NFIA 19.9 89.8 
 
NFIC 18.8 69.4 
NFIL3 13.1 76.2 
 
NFIX 20.3 98.2 
 
NFKB1 13.7 81.0 
NFKB2 12.6 86.4 
 
NFKBIB 14.1 76.9 
 
NFKBIL1 11.6 87.2 
NFKBIL2 13.1 50.1 
 
NFKBIZ 13.1 60.8 
 
NFRKB 12.4 70.2 
NFS1 13.1 86.3 
 
NFU1 14.3 72.5 
 
NFX1 13.4 82.3 
NFYA 16.6 88.8 
 
NFYB 17.1 97.1 
 
NFYC 16.8 97.3 
NGDN 17.5 84.0 
 
NGEF 15.3 68.4 
 
NGFR 14.3 84.0 
NHEDC2 15.8 68.1 
 
NHEJ1 13.7 53.0 
 
NHLH1 14.4 87.3 
NHLRC1 14.2 72.7 
 
NHLRC2 13.9 77.3 
 
NHLRC3 15.8 71.0 
NHS 13.0 81.7 
 
NICN1 17.5 86.0 
 
NID1 14.2 75.5 
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NID2 13.8 50.5 
 
NIF3L1 14.9 75.1 
 
NIN 13.5 29.8 
NIP7 23.5 93.4 
 
NIPA1 25.7 97.0 
 
NIPA2 18.9 90.6 
NIPAL1 15.2 64.9 
 
NIPAL2 16.4 62.0 
 
NIPAL3 15.3 84.4 
NIPBL 15.1 93.5 
 
NIPSNAP1 16.6 91.2 
 
NIT1 15.9 77.3 
NIT2 14.4 68.2 
 
NKD1 13.6 55.5 
 
NKIRAS2 21.5 98.4 
NKPD1 13.6 55.3 
 
NKX2-1 12.3 88.1 
 
NKX2-2 14.7 96.0 
NKX2-5 14.1 83.7 
 
NKX3-1 14.7 44.5 
 
NKX3-2 13.3 78.9 
NKX6-1 10.8 93.0 
 
NLE1 17.1 82.0 
 
NLGN1 15.4 94.8 
NLGN2 15.3 96.4 
 
NLGN3 16.6 95.1 
 
NLK 22.7 97.4 
NLN 15.2 86.1 
 
NLRC3 13.6 64.3 
 
NLRP3 14.9 57.0 
NLRP5 15.4 29.8 
 
NLRP6 13.9 38.7 
 
NLRX1 13.7 67.3 
NMB 15.1 52.8 
 
NMBR 15.9 62.3 
 
NMD3 13.8 67.4 
NME2 18.5 87.6 
 
NME3 14.2 51.3 
 
NME5 18.5 80.3 
NMI 15.6 46.8 
 
NMNAT1 13.9 72.5 
 
NMNAT2 16.1 76.8 
NMNAT3 13.9 44.3 
 
NMRAL1 13.2 72.8 
 
NMS 14.6 38.6 
NMT1 17.5 95.4 
 
NMUR2 16.0 65.4 
 
NNT 14.6 91.2 
NOB1 12.8 80.7 
 
NOC3L 15.8 65.6 
 
NOD1 14.9 69.0 
NOD2 14.5 40.1 
 
NODAL 14.3 69.4 
 
NOL10 14.5 93.2 
NOL11 15.2 66.0 
 
NOL12 14.6 82.1 
 
NOL3 11.1 65.6 
NOL4 13.1 74.8 
 
NOL6 14.2 69.0 
 
NOL9 15.0 45.7 
NOLC1 11.9 59.8 
 
NONO 15.2 97.3 
 
NOP14 13.7 55.3 
NOP16 17.2 87.7 
 
NOP2 12.7 54.0 
 
NOP56 13.5 81.7 
NOP58 15.9 91.7 
 
NOS1 13.4 89.3 
 
NOS2 14.3 71.5 
NOS3 13.4 87.4 
 
NOSIP 12.2 83.5 
 
NOSTRIN 14.6 57.7 
NOTCH2 13.9 86.6 
 
NOVA2 13.5 79.1 
 
NOX1 16.2 71.7 
NOX3 16.2 66.7 
 
NPAS1 12.8 79.3 
 
NPAS2 12.9 72.1 
NPAT 13.0 60.2 
 
NPBWR1 15.9 77.0 
 
NPC1 15.3 74.7 
NPC2 14.7 60.5 
 
NPEPPS 16.2 87.4 
 
NPFFR1 13.8 69.2 
NPHP1 13.8 67.8 
 
NPHP4 14.1 60.4 
 
NPHS1 13.9 74.1 
NPHS2 13.9 47.3 
 
NPL2 18.0 75.1 
 
NPLOC4 17.3 89.0 
NPM1 14.3 76.7 
 
NPM3 15.9 69.8 
 
NPNT 15.0 68.9 
NPPA 13.4 65.6 
 
NPPC 14.2 87.4 
 
NPR1 15.4 84.1 
NPR2 14.7 87.4 
 
NPSR1 18.4 80.3 
 
NPTN 16.6 58.6 
NPTX1 15.1 93.5 
 
NPY2R 16.9 77.0 
 
NPY5R 15.2 78.0 
NQO2 14.4 66.8 
 
NR0B1 13.4 55.0 
 
NR0B2 13.2 61.1 
NR1D2 13.4 80.9 
 
NR1H2 12.4 64.4 
 
NR1H3 13.2 87.1 
NR1H4 14.8 82.4 
 
NR1I3 14.5 55.9 
 
NR2C1 15.9 83.6 
NR2C2 14.3 90.2 
 
NR2C2AP 18.0 76.6 
 
NR2E1 17.3 98.5 
NR2F1 14.2 93.7 
 
NR2F2 17.8 95.8 
 
NR3C1 16.1 83.8 
NR4A1 15.4 86.2 
 
NR4A2 17.5 99.0 
 
NR5A1 15.5 84.6 
NRAP 14.6 80.6 
 
NRAS 22.9 99.0 
 
NRBP1 19.6 72.2 
NRD1 16.6 88.3 
 
NRF1 14.1 82.0 
 
NRIP1 12.9 68.2 
NRIP2 13.0 55.5 
 
NRK 13.6 58.7 
 
NRL 14.6 72.5 
NRM 15.5 87.8 
 
NRN1 21.6 94.4 
 
NRP1 14.7 83.4 
NRSN1 17.1 77.7 
 
NRSN2 16.2 49.5 
 
NRXN1 19.9 94.1 
NRXN2 16.6 83.0 
 
NSD1 13.2 67.8 
 
NSDHL 17.7 75.7 
NSF 14.6 95.9 
 
NSL1 14.3 55.7 
 
NSMAF 14.8 75.8 
NSMCE1 14.9 73.2 
 
NSMCE2 15.9 42.0 
 
NSMCE4A 13.7 47.9 
NSUN2 13.4 69.7 
 
NSUN3 18.4 74.9 
 
NSUN5 13.0 73.5 
NSUN6 15.9 62.9 
 
NT5C 16.0 48.4 
 
NT5C1A 12.6 76.7 
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NT5C1B 13.6 53.1 
 
NT5C2 21.6 98.4 
 
NT5C3 17.5 75.6 
NT5DC1 15.5 64.3 
 
NT5DC3 14.4 83.7 
 
NT5E 15.7 65.9 
NT5M 15.7 73.9 
 
NTF3 15.9 85.3 
 
NTHL1 13.1 66.2 
NTN4 14.5 85.5 
 
NTNG2 17.3 86.3 
 
NTRK2 17.9 84.5 
NTS 19.3 74.9 
 
NTSR1 14.2 75.2 
 
NTSR2 14.6 62.5 
NUAK1 13.6 85.0 
 
NUB1 14.6 76.6 
 
NUBP1 14.2 82.9 
NUBP2 13.5 76.1 
 
NUCB1 12.4 81.1 
 
NUCB2 13.9 78.2 
NUCKS1 13.1 69.8 
 
NUDC 17.3 90.7 
 
NUDCD1 17.5 69.1 
NUDT12 17.7 80.4 
 
NUDT13 14.1 67.4 
 
NUDT16 13.4 33.2 
NUDT16L1 16.3 84.5 
 
NUDT18 15.2 51.0 
 
NUDT2 13.5 80.4 
NUDT21 20.7 99.1 
 
NUDT22 15.2 70.0 
 
NUDT5 15.3 51.6 
NUDT6 14.7 52.2 
 
NUDT9 13.5 77.5 
 
NUF2 15.3 64.7 
NUFIP1 13.9 59.0 
 
NUFIP2 15.4 89.5 
 
NUMB 14.9 87.2 
NUMBL 13.1 77.6 
 
NUP107 14.7 62.9 
 
NUP133 15.0 77.0 
NUP153 13.1 73.2 
 
NUP155 16.0 90.5 
 
NUP160 15.8 81.3 
NUP188 14.6 90.9 
 
NUP205 14.7 83.0 
 
NUP210L 15.6 74.0 
NUP35 14.1 70.8 
 
NUP50 13.1 65.4 
 
NUP54 14.7 64.3 
NUP85 18.2 83.4 
 
NUP93 17.3 96.1 
 
NUPL1 13.8 85.3 
NUPL2 13.6 49.1 
 
NUS1 15.6 77.5 
 
NUSAP1 13.4 47.6 
NUTF2 27.2 99.2 
 
NVL 13.7 66.9 
 
NWD1 14.5 49.2 
NXF1 14.0 78.9 
 
NXF3 15.1 29.2 
 
NXN 14.1 92.4 
NXNL1 15.1 68.6 
 
NXPH1 22.3 98.5 
 
NXPH2 17.2 62.1 
NXPH3 17.2 92.1 
 
NXPH4 14.7 72.9 
 
NXT1 16.8 94.3 
NXT2 18.1 59.1 
 
OAF 13.6 53.7 
 
OAS2 15.5 43.8 
OAT 17.6 86.9 
 
OBFC1 15.0 55.9 
 
OBFC2A 16.1 47.3 
OBFC2B 13.4 88.7 
 
OCEL1 12.8 38.6 
 
OCIAD1 16.6 81.5 
OCLN 17.9 81.6 
 
OCRL 17.2 74.7 
 
ODC1 13.3 86.4 
ODF1 18.3 82.6 
 
ODF2 19.3 94.2 
 
ODF2L 14.9 25.3 
ODF3 16.2 88.2 
 
ODF3L1 13.3 26.3 
 
ODZ3 15.0 93.6 
OFD1 14.1 48.6 
 
OGDH 16.4 75.5 
 
OGDHL 13.3 78.9 
OGFOD1 14.2 74.0 
 
OGFR 13.2 29.2 
 
OGFRL1 12.8 58.1 
OGG1 13.2 74.6 
 
OGN 15.5 79.3 
 
OGT 14.3 98.5 
OIP5 15.8 54.4 
 
OIT3 14.4 68.5 
 
OLA1 16.5 87.7 
OLFM2 13.9 89.3 
 
OLFM3 21.1 97.8 
 
OLFM4 16.0 50.1 
OLFML2B 13.8 50.1 
 
OLFML3 16.4 91.2 
 
OLIG1 14.5 61.1 
OLIG3 18.5 96.7 
 
OLR1 14.8 35.4 
 
OMA1 16.6 61.9 
OMD 15.3 66.3 
 
OMG 17.0 84.7 
 
OMP 15.9 79.3 
ONECUT1 14.6 96.8 
 
OOEP 15.0 24.7 
 
OPA1 13.8 76.7 
OPA3 13.4 63.7 
 
OPALIN 12.8 61.4 
 
OPN1SW 16.5 78.0 
OPN4 14.6 54.6 
 
OPN5 19.5 85.7 
 
OPRD1 13.6 72.8 
OPRK1 17.6 86.6 
 
OPRM1 15.1 79.2 
 
OPTC 14.3 58.3 
OPTN 13.4 34.4 
 
ORAI1 15.0 71.5 
 
ORAI2 15.3 93.3 
ORAI3 15.1 82.9 
 
ORC1L 14.1 57.3 
 
ORC2L 14.7 71.7 
ORC3L 15.2 71.6 
 
ORC4L 17.2 82.8 
 
ORC5L 15.6 64.8 
ORC6L 14.7 66.3 
 
ORMDL1 23.7 95.5 
 
ORMDL2 25.0 95.5 
ORMDL3 25.1 96.1 
 
OS9 12.5 67.5 
 
OSBP 13.5 66.3 
OSBP2 13.8 66.2 
 
OSBPL10 13.4 61.6 
 
OSBPL11 14.2 85.2 
OSBPL2 15.0 54.0 
 
OSBPL3 14.4 78.3 
 
OSBPL5 14.3 51.5 
OSBPL6 18.4 90.1 
 
OSBPL7 14.1 80.1 
 
OSBPL9 15.8 69.7 
OSGEPL1 15.4 50.7 
 
OSM 14.0 25.1 
 
OSR1 15.8 76.2 
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OSR2 18.9 95.0 
 
OSTF1 17.4 81.9 
 
OSTN 15.9 65.5 
OTC 19.0 89.3 
 
OTOF 14.9 90.9 
 
OTOP2 14.4 77.2 
OTOP3 14.4 61.4 
 
OTOR 17.7 77.7 
 
OTP 18.4 77.4 
OTUB1 19.4 95.7 
 
OTUD5 17.1 96.0 
 
OTUD6A 14.8 48.3 
OTUD6B 13.8 48.0 
 
OTUD7B 14.0 74.7 
 
OTX1 15.5 94.1 
OTX2 15.9 97.9 
 
OVCH2 15.6 48.7 
 
OVOL1 15.2 68.6 
OVOL2 12.8 81.5 
 
OXCT1 15.8 74.6 
 
OXGR1 16.4 77.2 
OXSM 15.2 75.5 
 
OXSR1 15.2 83.3 
 
OXT 14.4 79.4 
OXTR 13.9 76.4 
 
P2RX1 15.4 81.8 
 
P2RX2 14.7 64.0 
P2RX3 16.2 69.0 
 
P2RX4 14.9 79.7 
 
P2RX5 15.2 50.6 
P2RX6 15.3 50.4 
 
P2RX7 15.4 67.2 
 
P2RY1 18.4 82.7 
P2RY10 16.8 65.6 
 
P2RY12 17.6 81.3 
 
P2RY13 17.2 59.9 
P2RY14 16.9 67.7 
 
P2RY2 14.2 78.4 
 
P2RY6 16.7 81.8 
P4HA1 18.5 93.5 
 
P4HA2 13.9 80.5 
 
P4HA3 14.0 84.2 
P4HB 16.0 87.9 
 
PA2G4 17.0 98.5 
 
PABPC1 17.6 99.5 
PABPC1L 16.3 63.2 
 
PABPC4 15.3 94.7 
 
PABPC5 18.2 90.6 
PABPN1 16.7 92.8 
 
PACRGL 15.4 67.9 
 
PACS1 15.4 88.4 
PACSIN1 16.3 91.2 
 
PADI1 14.7 64.6 
 
PADI4 14.5 58.2 
PADI6 14.7 39.3 
 
PAF1 13.5 96.8 
 
PAFAH1B1 19.3 99.0 
PAFAH1B3 14.2 92.7 
 
PAFAH2 15.1 70.5 
 
PAG1 13.3 66.4 
PAH 14.8 76.0 
 
PAICS 17.6 89.9 
 
PAIP1 15.8 94.3 
PAIP2 16.8 94.5 
 
PAK1 17.8 95.6 
 
PAK1IP1 14.8 61.8 
PAK3 13.9 98.2 
 
PAK4 14.3 88.9 
 
PAK6 12.9 61.7 
PAK7 16.9 89.6 
 
PALB2 13.9 41.0 
 
PALLD 13.7 65.4 
PALM 12.9 60.8 
 
PALMD 14.4 67.6 
 
PAM 14.1 63.0 
PAMR1 15.3 78.6 
 
PANK3 18.6 97.3 
 
PANK4 16.8 89.2 
PANX3 15.3 82.2 
 
PAPD4 17.1 89.5 
 
PAPOLA 15.1 85.5 
PAPOLG 15.3 90.6 
 
PAPPA 14.6 77.3 
 
PAPSS1 20.6 97.1 
PAPSS2 14.4 78.5 
 
PAQR3 24.2 79.3 
 
PAQR4 16.6 92.0 
PAQR5 17.5 64.9 
 
PAQR7 15.2 70.4 
 
PAQR8 18.6 83.4 
PAQR9 14.5 87.8 
 
PARD3 14.3 67.7 
 
PARD6A 14.9 73.6 
PARD6G 13.3 49.5 
 
PARG 14.5 79.7 
 
PARK7 14.0 89.0 
PARL 15.5 87.4 
 
PARN 13.9 82.2 
 
PARP1 14.5 80.4 
PARP11 18.4 81.2 
 
PARP12 14.9 60.5 
 
PARP14 15.1 40.8 
PARP16 17.7 64.7 
 
PARP8 15.4 89.7 
 
PARP9 15.0 40.0 
PARS2 15.2 55.5 
 
PARVA 21.3 66.0 
 
PARVB 14.5 73.4 
PASK 13.5 44.2 
 
PATL1 14.3 92.0 
 
PATZ1 16.9 91.7 
PAX3 16.5 72.6 
 
PAX6 16.6 45.9 
 
PAX7 14.5 70.8 
PAX8 14.7 68.4 
 
PAX9 15.4 96.5 
 
PAXIP1 13.5 60.0 
PBK 14.9 80.2 
 
PBLD 14.3 58.5 
 
PBX1 16.2 99.5 
PBX3 19.7 60.5 
 
PBX4 13.1 53.8 
 
PBXIP1 12.7 49.4 
PCBP1 16.3 99.4 
 
PCBP2 18.0 95.6 
 
PCBP4 16.4 95.8 
PCCA 15.1 81.0 
 
PCCB 14.3 86.7 
 
PCDH1 15.5 76.6 
PCDH12 13.4 70.5 
 
PCDH19 13.9 91.0 
 
PCDH20 15.1 80.4 
PCDH21 14.9 70.0 
 
PCDH24 14.5 44.4 
 
PCDH9 16.0 96.7 
PCDHA11 14.0 61.1 
 
PCDHA12 13.9 55.2 
 
PCDHA4 14.3 60.5 
PCDHA6 13.9 59.7 
 
PCDHB1 13.9 75.6 
 
PCDHB14 14.8 58.8 
PCDHB15 14.1 58.4 
 
PCDHB16 14.6 53.3 
 
PCDHB4 14.4 60.4 
PCDHB5 14.4 60.1 
 
PCDHB6 14.7 58.0 
 
PCDHB7 14.6 52.0 
PCDHGA1 14.3 57.6 
 
PCDHGA10 14.6 65.8 
 
PCDHGA2 14.8 62.7 
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PCDHGA3 14.4 62.5 
 
PCDHGA4 14.4 63.6 
 
PCDHGA7 14.4 59.6 
PCDHGA8 14.0 61.4 
 
PCDHGB1 14.5 60.3 
 
PCDHGB4 13.8 57.6 
PCDHGB5 14.1 64.2 
 
PCGF1 21.9 91.9 
 
PCGF3 19.9 87.6 
PCGF5 17.6 87.9 
 
PCGF6 11.9 84.3 
 
PCID2 21.8 89.5 
PCK1 14.0 81.4 
 
PCK2 16.3 83.5 
 
PCM1 12.9 80.6 
PCMT1 14.4 74.8 
 
PCMTD1 14.2 97.5 
 
PCMTD2 15.9 86.5 
PCNP 14.7 93.3 
 
PCNXL2 14.4 66.5 
 
PCNXL3 14.3 69.0 
PCOLCE 13.2 68.8 
 
PCOLCE2 15.1 83.0 
 
PCSK1 13.2 88.2 
PCSK1N 12.4 55.9 
 
PCSK2 17.0 93.0 
 
PCSK4 15.6 57.4 
PCSK7 13.9 78.8 
 
PCTK1 17.9 94.2 
 
PCTP 14.1 67.0 
PCYOX1 15.6 65.2 
 
PCYOX1L 14.5 75.4 
 
PCYT1A 16.1 82.3 
PCYT1B 16.5 95.7 
 
PCYT2 13.9 76.7 
 
PDC 16.2 80.2 
PDCD1 14.4 40.8 
 
PDCD11 14.6 62.8 
 
PDCD1LG2 15.3 43.2 
PDCD2 14.5 72.5 
 
PDCD2L 13.5 57.3 
 
PDCD4 15.8 95.1 
PDCD5 15.1 75.0 
 
PDCD6IP 14.8 89.6 
 
PDCD7 13.0 56.2 
PDCL 16.0 84.4 
 
PDCL2 14.3 59.8 
 
PDCL3 16.3 82.4 
PDDC1 16.4 60.4 
 
PDE10A 14.5 84.0 
 
PDE11A 13.6 80.5 
PDE1A 14.6 82.6 
 
PDE1C 11.8 83.1 
 
PDE2A 15.5 83.1 
PDE4B 15.6 84.8 
 
PDE4C 13.3 46.7 
 
PDE4D 13.0 78.8 
PDE5A 13.7 86.6 
 
PDE6A 16.5 90.4 
 
PDE6B 14.4 70.3 
PDE6C 14.9 79.5 
 
PDE6D 19.8 96.7 
 
PDE7B 17.9 68.1 
PDE8A 14.4 64.4 
 
PDE8B 13.3 74.5 
 
PDGFB 16.4 70.5 
PDGFC 14.4 58.3 
 
PDGFD 19.0 73.1 
 
PDGFRA 14.8 86.9 
PDGFRB 14.5 80.2 
 
PDGFRL 15.5 51.2 
 
PDHA1 16.0 96.7 
PDHX 13.0 76.7 
 
PDIA3 14.6 64.5 
 
PDIA4 14.2 71.9 
PDIA5 14.5 64.2 
 
PDIA6 15.2 67.5 
 
PDILT 15.0 48.6 
PDK1 14.8 78.4 
 
PDK2 17.3 71.2 
 
PDK3 19.1 95.4 
PDK4 15.8 85.5 
 
PDLIM1 14.5 62.7 
 
PDLIM2 12.6 64.3 
PDLIM4 12.8 69.8 
 
PDLIM5 14.3 87.1 
 
PDRG1 14.7 71.3 
PDS5B 15.2 85.2 
 
PDSS1 14.4 71.9 
 
PDSS2 14.1 81.1 
PDXDC1 14.1 82.9 
 
PDXK 15.8 64.7 
 
PDYN 14.8 51.5 
PDZD11 23.5 96.5 
 
PDZD3 13.1 62.1 
 
PDZD4 14.2 84.0 
PDZD8 14.0 79.4 
 
PDZK1 13.6 68.5 
 
PDZK1IP1 15.9 66.1 
PDZRN4 14.0 59.0 
 
PEAR1 12.9 74.8 
 
PECAM1 14.4 47.9 
PEF1 14.7 67.8 
 
PEG10 14.1 51.5 
 
PELI1 21.1 98.8 
PELI2 16.8 67.9 
 
PELI3 16.2 95.1 
 
PELO 17.3 83.0 
PELP1 12.8 68.3 
 
PEMT 16.8 62.0 
 
PENK 14.4 58.8 
PEPD 17.2 66.4 
 
PER1 12.6 77.3 
 
PER2 13.4 55.9 
PERP 15.4 82.5 
 
PES1 13.9 75.9 
 
PEX1 15.1 68.2 
PEX10 14.7 36.0 
 
PEX11A 16.4 68.6 
 
PEX11B 15.8 89.2 
PEX12 18.2 82.5 
 
PEX13 15.8 88.2 
 
PEX16 16.2 78.3 
PEX19 11.6 86.3 
 
PEX26 14.5 38.9 
 
PEX3 19.2 70.3 
PEX5 14.2 91.6 
 
PEX5L 16.6 75.9 
 
PEX6 12.9 82.1 
PEX7 17.9 86.7 
 
PFAS 13.3 78.0 
 
PFDN2 15.4 91.0 
PFKFB1 12.9 70.3 
 
PFKFB2 15.2 84.2 
 
PFKFB3 16.7 81.5 
PFKFB4 16.6 95.5 
 
PFKL 14.6 87.1 
 
PFKM 16.7 94.0 
PFKP 13.8 69.6 
 
PFN3 13.1 81.9 
 
PFTK1 19.3 89.0 
PFTK2 17.4 74.7 
 
PGA5 14.9 45.9 
 
PGAM1 21.0 98.4 
PGAM2 12.8 89.4 
 
PGAM5 16.6 71.7 
 
PGAP1 20.2 85.7 
PGAP3 19.2 58.6 
 
PGC 15.4 46.7 
 
PGCP 15.1 77.4 
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PGF 15.0 41.9 
 
PGGT1B 15.6 95.0 
 
PGK1 14.3 93.1 
PGK2 14.6 79.7 
 
PGLS 15.1 59.8 
 
PGLYRP1 14.6 49.0 
PGLYRP2 13.8 43.6 
 
PGM1 14.2 15.7 
 
PGM2 14.7 14.5 
PGM2L1 16.5 72.4 
 
PGM3 14.8 77.9 
 
PGM5 18.8 81.7 
PGP 12.3 67.3 
 
PGPEP1 17.6 88.6 
 
PGRMC1 13.8 89.8 
PGRMC2 14.7 85.3 
 
PGS1 14.7 67.3 
 
PHACTR1 14.9 67.4 
PHACTR4 13.1 66.4 
 
PHAX 13.2 60.5 
 
PHB 19.6 92.7 
PHB2 18.4 78.9 
 
PHC1 12.0 82.2 
 
PHC2 12.7 79.0 
PHC3 14.4 89.3 
 
PHEX 17.8 87.9 
 
PHF1 16.2 90.5 
PHF10 14.8 74.8 
 
PHF12 13.3 80.5 
 
PHF16 14.3 68.1 
PHF2 15.8 76.4 
 
PHF20 16.2 82.9 
 
PHF21A 15.2 78.8 
PHF21B 15.4 56.6 
 
PHF23 13.2 88.9 
 
PHF3 13.5 68.3 
PHF5A 26.7 99.1 
 
PHF6 19.1 96.5 
 
PHF8 17.2 67.4 
PHIP 14.4 89.2 
 
PHKB 16.2 81.9 
 
PHKG1 16.3 65.6 
PHKG2 15.2 89.7 
 
PHLDB1 14.6 88.6 
 
PHLPP2 14.8 79.8 
PHOSPHO1 15.5 86.9 
 
PHOX2A 14.5 95.8 
 
PHPT1 14.5 77.0 
PHTF1 17.3 88.3 
 
PHTF2 16.2 84.5 
 
PHYH 15.4 49.9 
PHYHD1 14.8 71.6 
 
PHYHIP 17.5 74.3 
 
PHYHIPL 18.2 64.5 
PI15 15.6 90.4 
 
PI16 13.5 45.0 
 
PI4K2A 15.4 91.6 
PI4KA 14.8 80.9 
 
PI4KB 16.5 81.7 
 
PIAS1 13.5 97.6 
PIAS2 15.6 80.7 
 
PIAS3 12.2 93.5 
 
PIAS4 13.6 72.9 
PIBF1 14.3 68.9 
 
PICALM 17.4 95.5 
 
PICK1 13.1 73.0 
PIF1 13.4 74.7 
 
PIGC 17.5 90.9 
 
PIGF 21.5 80.0 
PIGH 17.7 61.1 
 
PIGK 14.9 87.2 
 
PIGM 17.9 70.3 
PIGN 17.1 66.9 
 
PIGO 15.1 69.3 
 
PIGR 13.8 47.2 
PIGS 14.8 83.1 
 
PIGT 15.7 84.9 
 
PIGU 20.8 75.9 
PIGV 16.3 67.6 
 
PIH1D1 13.7 76.3 
 
PIH1D2 14.6 61.7 
PIK3C3 17.2 68.2 
 
PIK3CA 22.0 98.5 
 
PIK3CB 17.7 92.2 
PIK3CD 15.0 90.7 
 
PIK3CG 14.4 68.9 
 
PIK3IP1 15.4 67.8 
PIK3R1 14.8 92.7 
 
PIK3R2 13.0 67.7 
 
PIK3R3 17.8 93.9 
PIK3R4 16.9 92.5 
 
PIK3R5 13.3 69.9 
 
PIK3R6 13.8 68.3 
PIKFYVE 14.2 86.3 
 
PILRA 15.5 18.0 
 
PIM2 16.2 61.3 
PIN1 13.8 92.8 
 
PION 15.5 56.9 
 
PIP 16.7 23.3 
PIP4K2A 21.0 97.1 
 
PIP4K2B 15.4 98.6 
 
PIP4K2C 13.3 82.2 
PIP5K1C 15.7 75.0 
 
PIPOX 14.9 70.7 
 
PIR 15.5 88.3 
PISD 15.2 62.8 
 
PITPNA 22.5 70.9 
 
PITPNB 17.7 97.1 
PITPNM1 14.4 87.7 
 
PITRM1 14.8 70.8 
 
PITX2 14.7 95.1 
PITX3 14.9 90.2 
 
PIWIL1 16.4 94.1 
 
PIWIL4 15.4 50.0 
PJA1 12.8 62.8 
 
PJA2 12.5 70.8 
 
PKD2 14.8 78.8 
PKD2L2 16.7 65.6 
 
PKDREJ 16.0 38.5 
 
PKLR 15.6 76.7 
PKM2 13.9 95.5 
 
PKN1 12.7 77.2 
 
PKN2 13.1 88.5 
PKN3 13.5 72.1 
 
PKNOX1 11.8 92.0 
 
PKNOX2 12.8 96.8 
PKP2 13.7 72.0 
 
PKP3 12.3 79.7 
 
PKP4 16.2 94.5 
PLA2G10 15.4 31.8 
 
PLA2G12A 17.8 83.0 
 
PLA2G12B 17.2 65.3 
PLA2G15 14.5 74.2 
 
PLA2G16 18.1 68.1 
 
PLA2G1B 14.6 63.8 
PLA2G2F 14.9 48.2 
 
PLA2G3 14.6 46.9 
 
PLA2G4A 14.7 89.5 
PLA2G4D 14.5 58.1 
 
PLA2G4E 14.8 54.9 
 
PLA2G4F 14.2 55.0 
PLA2G5 16.4 44.6 
 
PLA2G6 14.5 81.0 
 
PLA2G7 16.3 57.5 
PLA2R1 15.3 61.6 
 
PLAA 14.4 87.7 
 
PLAC8 15.9 53.9 
PLAG1 15.0 92.0 
 
PLAGL2 17.1 97.0 
 
PLAT 15.3 66.1 
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PLAU 14.4 45.1 
 
PLAUR 13.6 46.0 
 
PLB1 14.7 47.9 
PLBD2 15.1 50.3 
 
PLCB1 14.1 85.1 
 
PLCB3 12.8 83.7 
PLCB4 16.5 96.3 
 
PLCD1 15.7 84.3 
 
PLCD3 13.5 67.5 
PLCD4 14.5 61.5 
 
PLCE1 14.4 76.3 
 
PLCG1 13.6 88.4 
PLCH2 13.1 53.0 
 
PLCL2 16.2 90.5 
 
PLCXD2 14.1 85.4 
PLCZ1 16.0 54.3 
 
PLD1 15.3 82.7 
 
PLD2 14.5 65.0 
PLD3 15.9 91.2 
 
PLD4 14.1 41.8 
 
PLEK 17.3 86.7 
PLEK2 15.3 82.7 
 
PLEKHA1 12.8 61.1 
 
PLEKHA2 13.6 64.9 
PLEKHA3 15.9 84.4 
 
PLEKHA5 14.5 62.1 
 
PLEKHA7 13.9 53.1 
PLEKHB1 18.2 71.3 
 
PLEKHB2 16.8 86.1 
 
PLEKHF1 12.3 83.5 
PLEKHG1 13.7 58.8 
 
PLEKHG2 12.4 54.7 
 
PLEKHG5 13.0 72.3 
PLEKHH3 15.6 69.7 
 
PLEKHM3 16.3 72.1 
 
PLEKHO1 11.9 82.8 
PLEKHO2 12.2 62.1 
 
PLG 14.4 65.9 
 
PLIN 14.7 70.3 
PLK1 14.6 65.4 
 
PLK2 14.7 94.6 
 
PLK3 13.8 87.1 
PLK4 14.1 68.5 
 
PLOD1 14.4 86.2 
 
PLOD2 15.0 83.3 
PLOD3 13.8 86.2 
 
PLP1 24.3 98.6 
 
PLP2 16.2 56.5 
PLRG1 15.2 86.5 
 
PLS1 14.3 73.6 
 
PLS3 14.9 96.3 
PLSCR3 16.6 67.5 
 
PLSCR5 15.0 42.0 
 
PLTP 14.1 74.4 
PLUNC 15.0 50.4 
 
PLVAP 13.9 49.2 
 
PLXDC1 15.9 76.1 
PLXDC2 14.7 82.0 
 
PLXNA4 16.3 95.6 
 
PLXNB2 13.6 78.2 
PLXNB3 13.8 63.3 
 
PM20D1 15.2 59.1 
 
PM20D2 13.2 52.9 
PMCH 15.8 78.3 
 
PMF1 15.7 45.6 
 
PMFBP1 13.9 36.2 
PMM1 20.2 85.3 
 
PMM2 17.9 84.2 
 
PMP2 13.9 82.0 
PMP22 15.6 83.2 
 
PMPCA 14.5 82.9 
 
PMPCB 14.6 81.3 
PMS1 15.1 65.1 
 
PMS2 13.9 61.3 
 
PMVK 15.9 75.1 
PNCK 13.1 69.5 
 
PNLDC1 15.0 69.9 
 
PNLIP 15.1 69.3 
PNLIPRP2 15.5 55.9 
 
PNMA2 13.4 70.8 
 
PNMAL1 13.4 39.9 
PNMT 13.4 70.7 
 
PNN 14.2 70.7 
 
PNO1 12.9 83.5 
PNOC 14.2 66.5 
 
PNPLA2 13.6 70.3 
 
PNPLA8 14.4 74.9 
PNPO 16.7 82.4 
 
PNPT1 15.0 82.8 
 
PODXL 13.3 22.9 
POFUT1 17.1 74.2 
 
POGK 14.0 71.9 
 
POGZ 13.6 81.8 
POLA1 16.4 74.8 
 
POLA2 14.7 67.9 
 
POLB 14.6 95.2 
POLD1 13.2 87.0 
 
POLD2 13.6 88.1 
 
POLD3 14.1 65.3 
POLD4 13.7 75.0 
 
POLDIP2 17.3 93.8 
 
POLDIP3 13.8 71.3 
POLE2 17.7 85.6 
 
POLG2 14.8 65.7 
 
POLH 13.9 65.6 
POLK 14.1 65.7 
 
POLL 13.3 71.8 
 
POLN 14.2 47.7 
POLR1A 14.0 80.0 
 
POLR1C 18.3 90.5 
 
POLR1E 16.8 68.7 
POLR2A 18.4 91.6 
 
POLR2B 15.1 99.2 
 
POLR2C 18.8 98.9 
POLR2D 16.8 98.6 
 
POLR2E 19.1 94.3 
 
POLR2F 17.5 97.7 
POLR2G 27.4 99.4 
 
POLR2H 26.8 99.3 
 
POLR2I 30.2 98.4 
POLR3A 16.2 97.0 
 
POLR3B 19.2 98.9 
 
POLR3C 14.0 90.5 
POLR3F 17.3 97.5 
 
POLR3G 14.7 76.9 
 
POLR3GL 17.1 91.8 
POLR3H 18.7 93.2 
 
POLR3K 17.7 78.2 
 
POLRMT 14.3 43.5 
POMC 14.9 60.7 
 
POMGNT1 18.1 96.1 
 
POMP 16.9 91.6 
POMT1 16.5 75.5 
 
POMT2 16.4 75.5 
 
PON1 15.2 69.4 
PON2 18.7 63.9 
 
PON3 15.9 67.3 
 
POP1 13.9 63.1 
POP5 17.2 77.8 
 
POP7 16.6 92.2 
 
PORCN 22.3 95.6 
POSTN 16.7 81.5 
 
POU1F1 13.2 86.6 
 
POU2AF1 13.5 85.2 
POU2F1 13.3 83.9 
 
POU2F3 14.7 64.9 
 
POU3F4 14.6 92.9 
POU4F3 17.5 97.9 
 
POU5F1 14.7 74.5 
 
PPA1 19.2 87.3 
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PPA2 17.8 60.5 
 
PPAP2A 14.0 56.6 
 
PPAP2B 16.6 89.1 
PPAP2C 15.3 57.7 
 
PPAPDC1A 15.6 75.2 
 
PPAPDC1B 16.5 71.4 
PPAPDC3 20.1 89.7 
 
PPARA 13.9 87.3 
 
PPARD 14.8 86.7 
PPARG 15.4 93.5 
 
PPARGC1A 15.6 89.5 
 
PPAT 14.3 81.9 
PPBP 14.7 34.4 
 
PPCDC 14.3 69.0 
 
PPEF2 14.5 47.4 
PPFIBP1 13.7 81.9 
 
PPFIBP2 13.7 73.7 
 
PPHLN1 14.1 64.0 
PPIA 16.8 92.8 
 
PPIB 18.0 85.7 
 
PPIC 15.2 60.3 
PPID 14.3 88.1 
 
PPIE 15.8 96.4 
 
PPIF 17.4 61.4 
PPIG 13.7 88.9 
 
PPIH 26.3 99.4 
 
PPIL1 22.9 97.6 
PPIL2 17.2 79.5 
 
PPIL4 17.3 94.1 
 
PPIL5 16.3 70.6 
PPIL6 15.2 55.4 
 
PPL 12.9 54.6 
 
PPM1A 19.1 81.8 
PPM1B 18.1 91.1 
 
PPM1E 18.1 66.8 
 
PPM1F 12.9 50.5 
PPM1G 12.7 91.4 
 
PPM1H 18.8 79.3 
 
PPM1K 16.6 82.6 
PPM1L 18.7 98.3 
 
PPME1 15.2 95.6 
 
PPOX 13.3 77.7 
PPP1CA 23.8 98.8 
 
PPP1CB 20.2 98.5 
 
PPP1CC 21.3 98.5 
PPP1R10 12.5 85.9 
 
PPP1R11 13.8 81.8 
 
PPP1R12A 14.7 63.7 
PPP1R13B 12.5 76.4 
 
PPP1R14A 13.5 36.0 
 
PPP1R14D 12.2 64.8 
PPP1R15B 13.2 38.4 
 
PPP1R16A 12.3 72.8 
 
PPP1R16B 15.7 93.0 
PPP1R1B 12.2 74.9 
 
PPP1R3A 14.4 48.6 
 
PPP1R3B 14.9 81.1 
PPP1R3C 14.3 57.2 
 
PPP1R3D 14.7 73.0 
 
PPP1R3F 13.3 64.8 
PPP1R7 15.2 72.1 
 
PPP1R8 19.2 97.4 
 
PPP1R9A 12.9 83.7 
PPP2CA 23.5 99.0 
 
PPP2CB 16.9 99.4 
 
PPP2R1A 19.7 99.2 
PPP2R2A 26.4 99.8 
 
PPP2R2B 19.7 99.3 
 
PPP2R2C 16.2 74.4 
PPP2R3C 14.0 96.9 
 
PPP2R4 15.4 84.1 
 
PPP2R5A 14.3 82.0 
PPP2R5B 17.8 97.4 
 
PPP2R5D 17.4 90.2 
 
PPP2R5E 19.0 99.6 
PPP3CA 15.8 76.9 
 
PPP3CB 16.0 98.9 
 
PPP3CC 14.6 71.3 
PPP3R1 21.0 89.8 
 
PPP3R2 14.7 65.0 
 
PPP4C 26.9 99.7 
PPP4R2 13.9 63.4 
 
PPP5C 15.0 88.4 
 
PPP6C 24.0 77.6 
PPPDE1 16.9 87.7 
 
PPRC1 12.3 63.5 
 
PPT1 15.4 78.5 
PPTC7 19.8 70.3 
 
PPWD1 15.3 93.7 
 
PPYR1 16.8 68.5 
PQBP1 11.9 81.7 
 
PQLC3 16.7 66.0 
 
PRAF2 17.6 85.5 
PRAME 15.8 24.1 
 
PRC1 13.7 78.4 
 
PRCC 14.5 90.9 
PRCP 15.9 62.0 
 
PRDM10 14.7 80.5 
 
PRDM14 15.1 57.7 
PRDM4 14.2 91.2 
 
PRDM5 17.4 38.8 
 
PRDX1 21.8 92.5 
PRDX2 17.0 81.5 
 
PRDX4 13.9 83.4 
 
PRDX5 15.2 58.4 
PRDX6 20.4 76.8 
 
PRELID1 20.8 95.0 
 
PRELID2 19.1 73.0 
PRELP 14.6 82.3 
 
PREP 17.4 82.7 
 
PREPL 16.8 77.6 
PREX1 14.0 81.4 
 
PRF1 14.4 51.3 
 
PRG3 14.8 31.9 
PRHOXNB 12.4 63.1 
 
PRICKLE1 16.3 90.5 
 
PRICKLE2 16.4 79.8 
PRICKLE3 12.4 59.4 
 
PRIM1 15.0 64.6 
 
PRIM2 15.3 77.3 
PRIMA1 16.2 69.5 
 
PRKAA1 18.3 77.7 
 
PRKAA2 16.4 69.3 
PRKAB1 17.2 95.2 
 
PRKAB2 14.6 91.6 
 
PRKACA 17.6 96.9 
PRKACB 14.6 96.6 
 
PRKAG1 17.8 95.8 
 
PRKAG3 13.5 69.7 
PRKAR1A 14.7 95.6 
 
PRKAR2A 14.9 69.5 
 
PRKAR2B 14.2 94.5 
PRKCA 20.0 84.0 
 
PRKCB 15.3 84.5 
 
PRKCD 15.4 83.5 
PRKCDBP 11.2 67.0 
 
PRKCE 15.8 97.2 
 
PRKCH 17.9 95.2 
PRKCI 18.0 83.4 
 
PRKCQ 15.0 91.8 
 
PRKCSH 14.1 68.0 
PRKCZ 13.5 89.8 
 
PRKD1 13.5 81.5 
 
PRKD2 15.3 75.0 
PRKD3 17.3 93.6 
 
PRKDC 15.0 64.3 
 
PRKG2 13.9 93.7 
PRKRA 16.2 96.2 
 
PRKRIP1 11.9 66.5 
 
PRKRIR 16.8 92.5 
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PRKX 14.6 55.6 
 
PRL 14.3 39.7 
 
PRLHR 14.1 85.7 
PRLR 14.8 43.8 
 
PRMT1 30.2 94.6 
 
PRMT10 15.2 79.5 
PRMT3 14.0 80.8 
 
PRMT5 20.8 96.6 
 
PRMT6 17.2 72.0 
PRMT7 14.1 77.5 
 
PRND 16.3 61.7 
 
PRNP 15.9 76.6 
PROC 14.7 54.0 
 
PROCR 14.8 42.1 
 
PRODH2 16.4 50.3 
PROK1 16.0 71.7 
 
PROK2 13.6 58.5 
 
PROKR1 16.2 75.9 
PROKR2 19.3 81.6 
 
PROM1 16.1 37.1 
 
PROM2 14.0 52.9 
PROP1 13.2 60.8 
 
PROS1 15.2 64.6 
 
PROSC 14.6 79.7 
PROX1 15.9 97.0 
 
PRPF18 23.1 98.0 
 
PRPF19 18.0 98.8 
PRPF3 19.9 99.0 
 
PRPF31 16.8 98.2 
 
PRPF38A 21.3 98.1 
PRPF4 19.1 97.5 
 
PRPF40B 15.3 80.6 
 
PRPF4B 14.4 90.1 
PRPF6 13.8 91.1 
 
PRPF8 22.1 99.9 
 
PRPH 15.1 84.9 
PRPH2 19.5 85.3 
 
PRPS1 25.3 99.7 
 
PRPS2 15.2 97.8 
PRPSAP1 17.5 65.3 
 
PRPSAP2 21.5 96.8 
 
PRR11 14.4 56.4 
PRR12 13.3 85.6 
 
PRR14 12.6 60.3 
 
PRR15 12.0 51.9 
PRR19 12.6 55.6 
 
PRR5L 13.3 81.9 
 
PRR7 13.2 92.4 
PRRC1 13.9 77.1 
 
PRRG1 17.2 82.8 
 
PRRG2 13.5 67.2 
PRRG3 14.5 86.3 
 
PRRG4 15.5 61.0 
 
PRRX1 16.5 98.4 
PRSS22 14.1 58.6 
 
PRSS23 17.9 84.9 
 
PRSS33 13.8 50.1 
PRSS35 14.1 61.4 
 
PRSS7 15.0 62.9 
 
PRSS8 14.4 62.9 
PRTG 17.5 65.7 
 
PRUNE 15.0 61.6 
 
PSAP 14.4 55.0 
PSAT1 16.8 86.3 
 
PSD2 13.5 81.2 
 
PSEN1 16.2 83.9 
PSENEN 20.5 91.2 
 
PSIP1 15.3 82.9 
 
PSMA1 13.5 69.7 
PSMA2 23.2 99.2 
 
PSMA3 21.7 97.3 
 
PSMA4 21.3 97.7 
PSMA5 24.6 99.6 
 
PSMA6 19.1 98.8 
 
PSMA8 17.1 68.9 
PSMB1 14.7 89.3 
 
PSMB10 13.6 68.0 
 
PSMB11 13.4 68.3 
PSMB2 20.6 76.1 
 
PSMB3 16.3 98.1 
 
PSMB4 14.1 74.4 
PSMB5 14.7 89.4 
 
PSMB6 14.6 80.0 
 
PSMB8 13.4 74.0 
PSMB9 17.1 78.6 
 
PSMC1 18.9 96.6 
 
PSMC3 22.1 89.8 
PSMC4 18.6 99.5 
 
PSMC5 24.9 99.8 
 
PSMC6 18.8 96.0 
PSMD11 18.6 99.5 
 
PSMD12 21.2 96.5 
 
PSMD13 15.8 95.0 
PSMD14 19.3 92.9 
 
PSMD2 12.8 91.0 
 
PSMD3 14.3 96.3 
PSMD5 15.6 78.8 
 
PSMD6 19.2 94.9 
 
PSMD7 15.1 95.1 
PSMD8 14.4 74.9 
 
PSMD9 13.2 76.8 
 
PSME1 13.6 92.4 
PSME2 17.0 90.4 
 
PSME4 17.8 90.2 
 
PSMF1 13.8 78.7 
PSMG1 17.5 76.2 
 
PSMG2 14.6 78.5 
 
PSMG3 16.7 76.4 
PSPC1 15.3 77.1 
 
PSPH 16.6 88.5 
 
PSPN 13.1 38.7 
PSTK 14.8 40.8 
 
PSTPIP2 15.6 69.2 
 
PTAFR 17.1 70.6 
PTCD2 15.9 59.0 
 
PTCD3 15.0 58.9 
 
PTCH2 13.6 79.3 
PTCHD1 21.7 97.0 
 
PTDSS1 18.1 87.2 
 
PTEN 22.5 87.4 
PTER 16.2 80.6 
 
PTGDR 14.9 62.4 
 
PTGDS 14.3 54.2 
PTGER1 14.0 70.4 
 
PTGER2 14.7 70.7 
 
PTGER4 13.4 75.8 
PTGES 19.7 53.8 
 
PTGES2 13.9 64.3 
 
PTGFR 15.9 74.7 
PTGFRN 13.8 75.6 
 
PTGIS 15.3 68.6 
 
PTGR1 15.0 69.7 
PTGR2 18.7 63.3 
 
PTGS1 15.8 77.0 
 
PTGS2 15.4 80.8 
PTH 14.7 62.9 
 
PTH1R 14.0 84.0 
 
PTHLH 12.9 80.9 
PTK2B 17.2 85.1 
 
PTK7 13.9 81.7 
 
PTMA 13.2 93.8 
PTMS 12.9 62.4 
 
PTN 15.6 95.3 
 
PTP4A1 20.0 97.7 
PTP4A2 29.8 98.8 
 
PTPDC1 14.1 61.1 
 
PTPLA 18.6 76.8 
PTPLAD1 20.5 85.4 
 
PTPLAD2 17.2 77.3 
 
PTPLB 20.5 77.3 
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PTPMT1 17.3 53.3 
 
PTPN1 14.0 77.0 
 
PTPN11 14.9 93.4 
PTPN12 13.2 74.3 
 
PTPN13 14.3 73.4 
 
PTPN14 14.1 88.0 
PTPN2 14.7 83.3 
 
PTPN22 15.1 49.3 
 
PTPN4 16.6 92.2 
PTPN5 14.2 75.4 
 
PTPN6 15.8 91.1 
 
PTPN7 13.1 72.3 
PTPN9 18.5 86.1 
 
PTPRB 15.0 63.5 
 
PTPRC 15.0 50.9 
PTPRCAP 12.1 50.5 
 
PTPRD 13.8 76.0 
 
PTPRE 16.8 82.6 
PTPRF 14.7 92.9 
 
PTPRG 13.3 83.4 
 
PTPRK 21.1 75.3 
PTPRM 16.9 79.9 
 
PTPRN 15.0 72.2 
 
PTPRO 15.0 72.0 
PTPRS 14.1 73.1 
 
PTRF 12.2 87.3 
 
PTRH1 16.4 58.6 
PTTG1 15.5 56.7 
 
PUF60 16.3 92.0 
 
PUM1 15.5 98.0 
PUM2 13.8 76.6 
 
PURA 16.5 78.3 
 
PUS1 13.5 67.0 
PUS10 15.5 56.8 
 
PUS3 14.4 76.8 
 
PUS7 13.6 82.3 
PUS7L 15.3 58.4 
 
PUSL1 14.0 65.3 
 
PVALB 17.6 82.0 
PVR 14.4 22.3 
 
PVRL1 16.0 90.9 
 
PVRL2 14.1 39.4 
PVRL4 13.0 74.1 
 
PWP1 13.6 88.3 
 
PWP2 14.4 76.7 
PXK 15.9 78.6 
 
PXMP2 19.4 43.8 
 
PXMP3 18.2 78.4 
PXMP4 17.0 52.5 
 
PXN 13.1 72.8 
 
PYCARD 14.7 61.4 
PYCR1 15.3 82.6 
 
PYCRL 13.8 60.3 
 
PYGB 17.4 85.7 
PYGL 17.6 85.3 
 
PYGM 19.1 93.7 
 
PYGO1 13.0 72.9 
PYGO2 13.3 86.0 
 
PYROXD1 14.5 63.6 
 
QARS 16.4 85.1 
QDPR 17.0 85.3 
 
QPCT 14.4 59.3 
 
QPCTL 14.0 71.6 
QPRT 16.9 74.0 
 
QRFPR 16.8 74.7 
 
QRICH1 16.0 75.4 
QRSL1 13.8 60.5 
 
QTRTD1 16.2 53.0 
 
R3HDM1 13.6 83.1 
R3HDML 17.0 71.3 
 
RAB10 17.2 99.0 
 
RAB11A 19.5 99.1 
RAB11FIP2 14.4 70.8 
 
RAB11FIP4 15.2 76.1 
 
RAB12 15.4 62.9 
RAB13 16.5 70.7 
 
RAB14 25.3 99.5 
 
RAB18 14.8 97.6 
RAB19 14.1 65.7 
 
RAB20 14.4 73.3 
 
RAB22A 21.4 92.3 
RAB24 18.0 71.6 
 
RAB25 17.8 85.1 
 
RAB26 15.6 74.7 
RAB27A 13.2 91.9 
 
RAB27B 14.7 77.0 
 
RAB28 18.5 93.2 
RAB2A 18.2 86.9 
 
RAB2B 13.1 92.2 
 
RAB30 26.0 99.5 
RAB31 13.9 91.3 
 
RAB32 15.3 51.1 
 
RAB34 14.9 52.1 
RAB37 14.5 72.8 
 
RAB38 16.5 69.2 
 
RAB3A 18.7 98.2 
RAB3B 13.6 95.0 
 
RAB3C 21.3 69.5 
 
RAB3GAP1 16.3 88.6 
RAB3IP 16.4 73.6 
 
RAB40B 14.6 64.9 
 
RAB40C 14.8 83.3 
RAB4A 20.9 94.5 
 
RAB5A 18.1 97.2 
 
RAB5B 17.5 99.1 
RAB5C 17.6 96.8 
 
RAB6B 19.9 90.0 
 
RAB7L1 16.6 89.8 
RAB8A 21.4 96.2 
 
RAB8B 17.7 78.9 
 
RAB9B 14.1 97.5 
RABAC1 16.5 89.3 
 
RABEP1 15.9 88.6 
 
RABEP2 11.9 69.6 
RABGEF1 18.4 93.7 
 
RABGGTA 13.3 85.9 
 
RABIF 16.3 81.5 
RAC1 17.8 99.0 
 
RAC2 21.1 77.2 
 
RACGAP1 17.7 80.6 
RAD1 14.5 85.6 
 
RAD17 15.2 71.8 
 
RAD21 17.1 95.1 
RAD23A 13.4 91.5 
 
RAD23B 13.5 83.7 
 
RAD51 20.7 98.2 
RAD51AP1 13.0 42.7 
 
RAD51L1 14.6 58.2 
 
RAD51L3 14.5 69.9 
RAD52 13.4 51.7 
 
RAD54L 16.1 74.0 
 
RAD9B 15.4 40.0 
RADIL 13.2 68.0 
 
RAE1 16.7 97.6 
 
RAF1 16.9 92.5 
RAG1 14.4 76.8 
 
RAG2 15.6 81.1 
 
RAGE 14.7 64.9 
RAI1 12.3 72.9 
 
RAI14 13.3 78.0 
 
RALA 16.2 98.6 
RALB 13.6 93.7 
 
RALBP1 14.3 85.8 
 
RALGDS 13.6 71.4 
RALY 15.2 77.0 
 
RALYL 20.6 91.2 
 
RAMP2 14.7 57.0 
RAMP3 15.1 57.6 
 
RANBP1 12.1 86.7 
 
RANBP10 15.3 91.8 
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RANBP3 12.2 73.5 
 
RANBP3L 14.2 52.5 
 
RANGRF 13.4 74.3 
RAP1A 25.9 99.5 
 
RAP1B 18.0 98.9 
 
RAP1GDS1 16.0 88.7 
RAP2B 22.8 76.6 
 
RAP2C 21.0 61.0 
 
RAPGEF1 13.4 63.0 
RAPGEF2 12.9 81.3 
 
RAPGEF3 14.0 71.4 
 
RAPGEF4 18.5 93.4 
RARA 14.3 97.4 
 
RARG 14.3 92.1 
 
RARRES2 15.0 52.4 
RARS 17.6 84.1 
 
RARS2 15.4 81.4 
 
RASA1 20.6 69.2 
RASA2 13.5 66.4 
 
RASA3 15.9 82.6 
 
RASAL1 13.9 73.0 
RASAL2 15.8 85.4 
 
RASD1 18.9 83.7 
 
RASEF 14.5 63.7 
RASGEF1A 18.6 66.4 
 
RASGEF1B 21.7 94.1 
 
RASGRP1 14.0 67.8 
RASGRP2 16.3 92.8 
 
RASGRP3 16.3 90.1 
 
RASGRP4 12.8 61.7 
RASIP1 14.0 81.9 
 
RASL10A 14.4 92.2 
 
RASL10B 18.4 97.1 
RASL11B 17.3 90.1 
 
RASL12 13.4 77.2 
 
RASSF1 14.4 90.1 
RASSF2 14.8 19.5 
 
RASSF3 15.3 71.2 
 
RASSF4 15.8 60.9 
RASSF6 14.5 45.1 
 
RASSF8 15.2 80.7 
 
RASSF9 14.1 74.5 
RB1 17.1 83.2 
 
RB1CC1 14.0 80.0 
 
RBAK 13.9 55.3 
RBBP4 25.3 99.8 
 
RBBP5 15.7 98.7 
 
RBBP7 15.1 98.8 
RBBP8 13.7 52.9 
 
RBBP9 16.7 59.9 
 
RBCK1 15.9 67.4 
RBKS 15.7 76.4 
 
RBL1 16.4 87.2 
 
RBL2 16.2 88.0 
RBM10 15.3 71.2 
 
RBM11 17.2 58.1 
 
RBM14 15.5 80.3 
RBM15 12.3 84.3 
 
RBM17 15.0 97.0 
 
RBM18 19.3 97.4 
RBM19 12.9 56.1 
 
RBM22 24.8 99.8 
 
RBM24 19.2 74.4 
RBM26 14.2 94.8 
 
RBM27 14.8 92.8 
 
RBM39 17.1 99.6 
RBM4 19.8 93.7 
 
RBM41 17.4 66.8 
 
RBM42 15.3 89.4 
RBM45 15.9 71.3 
 
RBM46 18.4 94.4 
 
RBM47 15.0 89.6 
RBM4B 14.4 94.7 
 
RBM5 17.2 76.2 
 
RBM7 15.7 73.3 
RBM8A 17.3 98.3 
 
RBMS1 19.3 76.8 
 
RBMS2 15.2 76.7 
RBMS3 15.6 93.1 
 
RBMX 17.9 98.2 
 
RBP2 17.7 80.0 
RBP3 14.0 72.4 
 
RBPJ 19.2 97.3 
 
RBPJL 13.7 82.7 
RBPMS2 15.2 67.5 
 
RC3H1 12.6 88.1 
 
RC3H2 13.4 93.2 
RCAN1 16.9 91.0 
 
RCAN2 16.6 92.9 
 
RCAN3 12.9 84.3 
RCBTB1 18.5 93.1 
 
RCC2 17.5 72.7 
 
RCE1 25.5 87.6 
RCL1 20.6 72.8 
 
RCN2 15.2 81.6 
 
RCN3 12.9 89.4 
RCOR1 16.4 66.1 
 
RCOR2 14.8 87.6 
 
RCSD1 11.7 47.4 
RCVRN 15.6 81.8 
 
RDBP 15.1 87.1 
 
RDH10 22.7 98.5 
RDH11 16.2 66.1 
 
RDH12 17.5 76.7 
 
RDH13 16.3 59.2 
RDH14 14.0 82.5 
 
RDH16 15.8 62.6 
 
RDH5 14.1 67.3 
RDH8 16.0 71.4 
 
RDX 15.7 97.1 
 
RECK 14.4 88.6 
RECQL 14.7 76.3 
 
RECQL4 13.2 37.5 
 
RECQL5 13.1 68.0 
REEP3 17.1 77.5 
 
REG3G 15.5 44.3 
 
REL 13.7 63.7 
RELA 12.3 81.8 
 
RELB 15.5 68.5 
 
RELL1 15.6 78.0 
RELL2 12.4 78.0 
 
REM1 14.5 83.6 
 
REM2 15.5 71.9 
REPS1 14.0 86.5 
 
RER1 19.8 60.4 
 
RERG 20.1 88.5 
RETN 14.3 45.2 
 
RETSAT 15.0 66.5 
 
REV3L 13.8 77.9 
REXO1 12.8 49.6 
 
RFC2 15.0 87.0 
 
RFC3 17.1 79.9 
RFC4 14.7 76.5 
 
RFC5 13.6 66.1 
 
RFFL 15.2 80.2 
RFNG 14.1 59.1 
 
RFT1 16.6 70.5 
 
RFTN1 13.1 48.0 
RFWD2 15.2 94.7 
 
RFWD3 13.8 53.1 
 
RFX2 15.7 77.3 
RFX3 14.3 88.9 
 
RFX5 12.4 64.3 
 
RFX7 14.8 87.8 
RFXANK 13.2 65.2 
 
RG9MTD1 15.4 53.8 
 
RG9MTD2 15.4 68.2 
RG9MTD3 14.5 71.3 
 
RGL1 16.5 87.6 
 
RGL2 14.0 83.1 
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RGR 15.6 67.5 
 
RGS1 14.1 74.8 
 
RGS10 15.0 78.6 
RGS11 14.8 54.8 
 
RGS13 15.6 56.9 
 
RGS14 12.5 77.2 
RGS17 13.2 90.1 
 
RGS18 14.5 74.6 
 
RGS19 13.5 64.7 
RGS2 13.5 64.0 
 
RGS22 15.2 58.3 
 
RGS5 16.2 85.2 
RGS7BP 15.2 91.5 
 
RGS9 17.1 61.5 
 
RGS9BP 12.0 60.2 
RHAG 16.3 50.0 
 
RHBDD1 16.7 56.5 
 
RHBDD3 15.7 57.5 
RHBDF1 17.4 91.3 
 
RHBDF2 16.7 78.0 
 
RHBDL2 15.9 78.0 
RHBDL3 13.6 78.1 
 
RHBG 15.7 63.0 
 
RHCG 16.6 60.8 
RHEB 21.4 97.8 
 
RHEBL1 15.3 80.0 
 
RHO 19.1 86.9 
RHOA 23.0 99.0 
 
RHOBTB1 13.9 85.7 
 
RHOBTB2 17.0 87.8 
RHOC 16.0 99.0 
 
RHOD 14.7 60.2 
 
RHOF 15.9 85.0 
RHOG 24.0 73.8 
 
RHOH 19.9 93.8 
 
RHOT1 22.2 94.2 
RHOT2 13.4 73.3 
 
RHOU 15.6 86.6 
 
RHOV 17.1 94.9 
RHPN1 13.5 42.5 
 
RHPN2 14.0 78.0 
 
RIBC1 13.5 55.1 
RIBC2 13.9 47.3 
 
RIC3 14.9 73.8 
 
RIC8B 14.9 80.1 
RICTOR 17.9 88.8 
 
RILP 11.6 58.5 
 
RILPL1 15.4 87.2 
RILPL2 14.4 63.2 
 
RIMKLA 15.8 73.5 
 
RIMKLB 19.2 85.8 
RIMS1 14.8 66.9 
 
RIMS3 13.4 94.2 
 
RIN1 12.2 61.3 
RIN3 13.1 42.9 
 
RING1 15.7 87.3 
 
RINT1 14.6 80.8 
RIOK1 13.7 70.9 
 
RIOK2 14.9 70.7 
 
RIOK3 16.2 91.7 
RIPK1 14.5 46.0 
 
RIPK2 14.7 73.1 
 
RIPK4 13.7 75.9 
RIT1 15.6 92.7 
 
RLBP1 17.0 84.3 
 
RLBP1L1 18.3 85.5 
RLBP1L2 18.9 97.3 
 
RLF 13.8 79.1 
 
RMND1 14.9 53.3 
RMND5A 17.7 99.5 
 
RMND5B 19.2 93.9 
 
RNASE1 14.3 49.0 
RNASE4 13.7 73.8 
 
RNASEH2A 13.2 77.2 
 
RNASEH2C 13.5 52.1 
RNASEL 14.7 39.5 
 
RNASEN 16.1 82.1 
 
RND1 17.9 96.1 
RND2 16.8 94.0 
 
RND3 24.3 99.2 
 
RNF10 15.3 83.3 
RNF11 19.4 66.7 
 
RNF111 12.9 85.7 
 
RNF112 13.6 71.7 
RNF121 28.3 88.1 
 
RNF122 19.4 67.6 
 
RNF123 16.1 71.1 
RNF126 13.8 63.2 
 
RNF128 13.7 75.8 
 
RNF13 19.0 65.5 
RNF135 14.7 39.6 
 
RNF138 15.0 61.6 
 
RNF139 16.4 82.1 
RNF14 15.2 85.8 
 
RNF141 18.6 94.8 
 
RNF144A 18.7 70.8 
RNF144B 16.8 65.8 
 
RNF145 14.5 81.9 
 
RNF146 12.4 84.0 
RNF148 15.4 70.9 
 
RNF166 18.4 92.0 
 
RNF17 14.9 53.6 
RNF170 18.5 74.3 
 
RNF180 14.4 62.4 
 
RNF181 14.7 74.9 
RNF182 15.3 90.8 
 
RNF185 17.3 81.2 
 
RNF186 13.7 38.4 
RNF19A 15.0 91.8 
 
RNF2 18.9 99.1 
 
RNF20 13.9 74.7 
RNF215 15.5 79.0 
 
RNF216 16.3 75.6 
 
RNF219 13.1 75.0 
RNF220 18.3 97.2 
 
RNF222 15.4 73.3 
 
RNF24 22.8 84.7 
RNF25 12.7 70.4 
 
RNF26 18.1 79.5 
 
RNF34 14.6 81.2 
RNF38 22.1 80.8 
 
RNF4 15.3 81.5 
 
RNF41 20.4 99.1 
RNF43 13.1 55.3 
 
RNF44 17.2 72.3 
 
RNF5 16.9 94.5 
RNF6 12.7 59.6 
 
RNF7 19.2 94.7 
 
RNGTT 15.3 79.5 
RNLS 14.5 53.1 
 
RNMT 14.2 63.6 
 
RNPC3 13.6 59.7 
RNPEP 14.1 76.3 
 
RNPEPL1 13.3 58.7 
 
RNPS1 17.2 58.0 
ROBO1 14.3 88.3 
 
ROBO2 12.8 75.4 
 
ROBO4 13.4 64.0 
ROCK2 16.5 84.6 
 
ROGDI 19.1 89.7 
 
ROM1 13.7 57.7 
ROPN1L 13.6 69.7 
 
RORA 15.1 87.8 
 
RORB 14.1 96.5 
RORC 13.5 75.1 
 
RP1 14.4 41.6 
 
RP1L1 12.4 20.3 
RPA1 13.8 78.2 
 
RPA2 16.7 59.9 
 
RPA3 18.8 71.3 
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RPAIN 13.5 54.6 
 
RPAP1 13.4 68.8 
 
RPE 17.6 95.2 
RPE65 20.4 92.3 
 
RPGRIP1L 14.7 74.7 
 
RPH3A 15.1 80.9 
RPH3AL 13.8 65.5 
 
RPL10 18.8 99.1 
 
RPL10A 20.6 97.7 
RPL13 21.4 96.2 
 
RPL13A 20.2 49.0 
 
RPL15 27.0 99.5 
RPL18 21.1 92.6 
 
RPL18A 20.6 98.3 
 
RPL21 22.9 97.5 
RPL22L1 21.6 91.9 
 
RPL23 20.5 96.5 
 
RPL23A 19.2 97.5 
RPL24 25.1 99.4 
 
RPL27 22.0 95.6 
 
RPL27A 16.7 90.6 
RPL30 17.8 98.3 
 
RPL31 20.0 96.8 
 
RPL32 23.5 98.5 
RPL35 16.3 96.8 
 
RPL35A 21.6 97.3 
 
RPL5 20.7 80.9 
RPL6 14.3 80.3 
 
RPL7 17.7 86.4 
 
RPL7A 19.0 98.9 
RPL7L1 15.4 73.4 
 
RPL8 24.8 99.6 
 
RPL9 18.6 97.9 
RPLP0 20.3 95.9 
 
RPLP1 16.5 96.5 
 
RPLP2 17.9 93.1 
RPN1 18.3 89.2 
 
RPN2 15.9 88.9 
 
RPP14 18.0 78.4 
RPP21 13.5 60.6 
 
RPP25 11.1 72.0 
 
RPP30 16.3 85.1 
RPP40 15.8 62.1 
 
RPRD1A 18.9 83.7 
 
RPRD2 14.5 85.1 
RPS10 26.6 97.6 
 
RPS11 25.2 98.7 
 
RPS13 26.9 99.3 
RPS14 18.4 84.2 
 
RPS15 21.1 75.8 
 
RPS15A 20.4 93.1 
RPS16 21.3 95.9 
 
RPS17 17.6 97.8 
 
RPS18 26.4 99.4 
RPS19BP1 15.9 62.5 
 
RPS2 20.9 85.7 
 
RPS20 25.1 99.2 
RPS23 25.8 99.3 
 
RPS26 20.9 98.3 
 
RPS3 18.8 99.2 
RPS3A 19.8 98.5 
 
RPS4X 20.0 92.1 
 
RPS5 18.8 98.1 
RPS6 16.0 99.2 
 
RPS6KA1 15.6 92.3 
 
RPS6KA2 14.6 91.1 
RPS6KA3 21.5 94.5 
 
RPS6KA6 14.7 73.1 
 
RPS6KB2 14.4 88.5 
RPS6KC1 13.3 48.1 
 
RPS6KL1 13.2 38.7 
 
RPS7 25.9 99.5 
RPS8 26.6 99.5 
 
RPS9 26.1 99.5 
 
RPSA 16.2 97.6 
RPTOR 17.1 94.4 
 
RPUSD1 13.7 74.1 
 
RPUSD2 12.9 67.3 
RPUSD3 14.2 52.1 
 
RPUSD4 14.2 60.8 
 
RRAD 14.6 86.1 
RRAGA 27.2 76.0 
 
RRAGB 23.7 95.2 
 
RRAGD 13.5 83.0 
RRAS 15.8 93.2 
 
RRAS2 20.4 60.1 
 
RRH 16.5 73.5 
RRM2 13.8 87.6 
 
RRM2B 15.2 91.5 
 
RRN3 14.5 76.6 
RRP1 13.3 37.1 
 
RRP12 13.9 82.4 
 
RRP15 12.7 59.9 
RRP8 12.8 47.4 
 
RRS1 15.8 82.5 
 
RS1 18.7 78.1 
RSAD1 12.9 65.4 
 
RSAD2 14.0 73.5 
 
RSBN1 13.1 91.5 
RSBN1L 14.3 61.6 
 
RSF1 13.3 77.6 
 
RSHL1 13.5 64.4 
RSL1D1 14.3 41.0 
 
RSPH1 13.0 37.0 
 
RSPH4A 13.1 59.1 
RSPO1 13.3 69.2 
 
RSPO2 19.2 93.9 
 
RSPO3 16.3 69.6 
RSPO4 13.1 64.3 
 
RSPRY1 18.1 94.3 
 
RSRC2 15.4 82.1 
RSU1 18.1 95.7 
 
RTBDN 13.4 31.6 
 
RTCD1 16.5 88.6 
RTF1 15.1 91.5 
 
RTKN 15.6 75.8 
 
RTKN2 14.8 51.8 
RTL1 14.5 39.7 
 
RTN1 19.9 96.2 
 
RTN3 20.6 92.4 
RTN4 15.7 96.5 
 
RTN4IP1 14.8 83.9 
 
RTP1 16.0 76.5 
RTP2 18.1 74.5 
 
RTTN 15.1 70.4 
 
RUFY1 13.2 74.6 
RUFY2 15.6 82.1 
 
RUNDC1 14.8 83.0 
 
RUNDC3B 15.6 71.6 
RUNX1 14.4 74.8 
 
RUNX3 11.8 62.3 
 
RUSC2 12.5 79.4 
RUVBL1 20.8 98.9 
 
RUVBL2 18.8 99.1 
 
RWDD1 14.1 93.0 
RWDD2A 18.9 88.7 
 
RXFP1 16.2 69.6 
 
RXRA 20.0 76.0 
RXRB 13.3 92.0 
 
RYK 14.6 85.4 
 
RYR2 16.7 74.3 
S100A4 17.9 85.3 
 
S100PBP 13.6 51.8 
 
S1PR1 16.9 88.5 
S1PR2 17.1 79.7 
 
S1PR3 15.5 78.1 
 
S1PR4 14.6 72.2 
S1PR5 14.2 74.0 
 
SAAL1 13.3 74.5 
 
SACM1L 16.8 90.7 
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SAE1 16.4 88.6 
 
SAFB 12.0 69.7 
 
SAFB2 12.5 57.7 
SAG 14.6 73.1 
 
SALL1 12.2 85.5 
 
SALL4 13.2 61.7 
SAMD10 14.8 68.1 
 
SAMHD1 15.2 52.9 
 
SAP18 16.9 86.7 
SAP30 14.5 93.7 
 
SAP30BP 14.1 70.7 
 
SAPS1 12.5 71.8 
SAPS3 15.6 61.9 
 
SAR1A 20.2 98.5 
 
SAR1B 19.3 97.5 
SARDH 13.6 80.1 
 
SARS 14.0 87.2 
 
SARS2 13.7 76.9 
SART1 14.3 86.7 
 
SART3 13.7 79.6 
 
SASH1 12.7 77.9 
SASH3 16.2 65.5 
 
SASS6 16.6 69.7 
 
SAT2 19.6 69.3 
SATB1 13.8 83.3 
 
SAV1 21.7 91.0 
 
SBDS 18.6 94.0 
SBF1 13.5 61.9 
 
SBNO1 16.2 82.0 
 
SBNO2 13.7 74.9 
SC4MOL 19.5 85.0 
 
SCAF1 12.0 64.5 
 
SCAMP1 13.2 91.6 
SCAMP2 14.9 83.3 
 
SCAMP3 12.9 85.7 
 
SCAND1 11.5 50.3 
SCAP 13.7 85.7 
 
SCARA3 13.4 70.1 
 
SCARA5 13.2 71.7 
SCARB1 15.8 60.2 
 
SCARB2 15.6 68.3 
 
SCCPDH 17.2 68.8 
SCG2 15.5 72.1 
 
SCG3 14.3 82.4 
 
SCG5 17.3 87.3 
SCGN 15.4 76.5 
 
SCLY 13.4 68.8 
 
SCMH1 15.8 86.8 
SCN11A 16.1 60.0 
 
SCN1A 18.0 97.3 
 
SCN1B 20.9 95.4 
SCN3A 15.1 84.0 
 
SCN5A 14.5 88.3 
 
SCN7A 16.8 60.9 
SCN8A 16.5 98.2 
 
SCN9A 15.0 88.1 
 
SCNN1A 13.9 68.0 
SCNN1B 14.7 58.9 
 
SCNN1G 15.1 77.0 
 
SCO1 15.4 48.5 
SCP2 15.2 77.7 
 
SCPEP1 15.1 64.5 
 
SCRN1 15.4 78.6 
SCRN2 12.2 65.6 
 
SCRN3 15.1 74.0 
 
SCTR 16.0 43.9 
SCYL1 13.3 77.5 
 
SCYL2 16.7 91.1 
 
SCYL3 14.2 63.2 
SDAD1 16.8 85.0 
 
SDC2 14.4 50.6 
 
SDC3 15.5 54.8 
SDC4 13.9 71.6 
 
SDCBP 14.7 83.3 
 
SDCCAG1 14.4 85.0 
SDCCAG10 13.5 85.7 
 
SDCCAG8 13.7 58.5 
 
SDF2 16.6 92.5 
SDF4 14.2 75.8 
 
SDHAF1 12.0 63.9 
 
SDHB 16.8 88.7 
SDHC 17.4 74.1 
 
SDK1 14.2 70.5 
 
SDR16C5 16.8 60.3 
SDR39U1 13.1 75.6 
 
SDR42E1 15.6 70.6 
 
SDR9C7 14.7 75.5 
SDS 16.9 73.0 
 
SDSL 14.2 71.2 
 
SEC11A 20.1 98.9 
SEC11C 17.2 96.4 
 
SEC13 16.3 94.4 
 
SEC14L1 15.9 90.4 
SEC14L2 18.4 66.1 
 
SEC14L3 15.8 93.5 
 
SEC14L4 15.2 62.3 
SEC14L5 14.1 79.5 
 
SEC16A 13.1 47.9 
 
SEC16B 13.5 55.6 
SEC22B 29.9 81.8 
 
SEC22C 16.7 76.0 
 
SEC23A 16.7 96.1 
SEC23B 16.7 94.5 
 
SEC23IP 14.2 80.8 
 
SEC24A 14.2 82.7 
SEC24B 13.7 76.2 
 
SEC24C 14.8 87.2 
 
SEC24D 13.5 67.6 
SEC31B 13.9 65.0 
 
SEC61A1 24.9 99.0 
 
SEC61A2 22.9 85.9 
SEC62 16.4 77.4 
 
SEC63 16.4 85.0 
 
SECISBP2 13.5 57.7 
SEH1L 14.6 94.2 
 
SELE 15.2 41.6 
 
SELENBP1 15.1 63.4 
SELL 15.1 60.9 
 
SELP 14.5 43.0 
 
SELPLG 12.8 21.3 
SEMA3B 13.9 73.5 
 
SEMA3C 16.7 92.8 
 
SEMA3D 18.3 88.1 
SEMA3F 14.8 87.3 
 
SEMA4A 14.6 71.1 
 
SEMA4C 16.8 74.8 
SEMA4D 14.4 43.5 
 
SEMA4G 16.2 85.4 
 
SEMA5A 14.5 85.1 
SEMA6A 15.7 90.3 
 
SEMA7A 14.3 70.7 
 
SENP2 18.5 82.4 
SENP3 12.6 90.3 
 
SENP6 14.6 61.4 
 
SENP7 13.9 55.2 
SEPHS1 21.3 98.5 
 
SEPSECS 14.9 65.7 
 
1-Sep 17.9 75.9 
11-Sep 19.3 91.6 
 
14-Sep 15.0 56.8 
 
3-Sep 17.8 86.6 
5-Sep 16.9 91.8 
 
6-Sep 15.1 94.4 
 
7-Sep 21.3 87.2 
8-Sep 16.4 77.4 
 
SERAC1 14.9 74.2 
 
SERINC1 18.7 93.4 
SERINC2 16.6 57.7 
 
SERINC3 16.6 65.3 
 
SERINC5 16.4 64.2 
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SERPINA11 14.8 63.3 
 
SERPINA12 15.8 44.8 
 
SERPINA5 15.4 46.5 
SERPINB10 14.8 64.6 
 
SERPINB2 15.4 47.2 
 
SERPINB7 15.3 65.0 
SERPINB8 14.6 66.4 
 
SERPINB9 15.3 47.5 
 
SERPINC1 15.1 75.0 
SERPINE1 14.5 69.2 
 
SERPINE2 17.2 77.1 
 
SERPINF1 14.9 77.6 
SERPINF2 13.9 64.5 
 
SERPING1 15.0 37.0 
 
SERPINH1 15.0 92.4 
SERPINI1 18.3 61.0 
 
SERPINI2 15.4 64.1 
 
SERTAD1 13.9 77.4 
SERTAD4 16.2 69.6 
 
SESN1 13.7 80.7 
 
SESN2 16.2 76.7 
SESN3 17.0 83.4 
 
SESTD1 21.7 97.7 
 
SET 11.6 74.5 
SETD2 14.2 64.6 
 
SETD3 16.6 81.8 
 
SETD4 14.7 60.0 
SETD5 13.6 90.2 
 
SETD6 15.3 63.9 
 
SETD7 17.9 65.7 
SETD8 15.5 62.2 
 
SETDB2 14.5 55.1 
 
SEZ6 13.8 81.0 
SEZ6L 13.0 73.3 
 
SEZ6L2 13.6 90.4 
 
SF1 14.2 90.1 
SF3A1 14.2 97.1 
 
SF3A2 13.6 80.5 
 
SF3B1 17.0 99.8 
SF3B2 17.3 94.0 
 
SF3B3 17.4 99.8 
 
SF3B4 18.0 95.3 
SF4 15.3 81.7 
 
SFMBT1 16.3 86.0 
 
SFMBT2 14.2 67.3 
SFN 13.1 96.0 
 
SFRP2 18.2 78.0 
 
SFRP4 15.7 88.4 
SFRP5 14.6 72.3 
 
SFRS1 19.5 96.9 
 
SFRS11 13.4 73.8 
SFRS12 14.4 67.5 
 
SFRS12IP1 16.4 82.4 
 
SFRS16 14.1 93.3 
SFRS2 16.2 99.1 
 
SFRS2IP 13.5 52.4 
 
SFRS5 17.8 96.7 
SFRS7 21.6 95.8 
 
SFRS8 14.5 82.1 
 
SFRS9 16.9 96.0 
SFT2D1 20.6 86.3 
 
SFT2D2 22.2 73.9 
 
SFTPC 15.0 54.5 
SFTPD 12.5 57.0 
 
SFXN1 16.4 79.4 
 
SFXN2 16.3 73.8 
SFXN3 16.3 87.7 
 
SFXN4 16.8 43.5 
 
SFXN5 16.3 69.7 
SGCA 14.2 77.9 
 
SGCB 17.1 90.7 
 
SGCE 19.8 82.7 
SGCG 15.7 76.4 
 
SGK1 16.9 94.9 
 
SGK3 17.6 94.6 
SGMS1 15.9 88.8 
 
SGMS2 17.8 89.3 
 
SGOL1 14.4 36.3 
SGPL1 15.5 79.3 
 
SGPP1 15.9 70.8 
 
SGSM1 16.0 73.8 
SGSM3 16.7 85.0 
 
SGTA 12.3 84.5 
 
SGTB 17.6 94.4 
SH2B1 12.4 90.0 
 
SH2B2 11.6 64.9 
 
SH2D1A 19.5 83.7 
SH2D3C 13.2 80.7 
 
SH3BGRL 15.1 80.0 
 
SH3BP4 14.4 86.7 
SH3BP5 13.0 70.6 
 
SH3BP5L 13.4 87.6 
 
SH3D19 14.0 66.0 
SH3D20 11.8 57.1 
 
SH3GL1 16.1 91.1 
 
SH3GL2 12.4 86.3 
SH3GLB1 15.8 69.8 
 
SH3GLB2 12.9 93.4 
 
SH3KBP1 12.8 83.0 
SH3PXD2B 13.8 76.6 
 
SH3RF1 12.6 72.8 
 
SH3RF2 14.5 69.4 
SH3TC2 15.0 72.0 
 
SHB 13.4 72.9 
 
SHBG 14.3 49.5 
SHC1 15.0 75.0 
 
SHC2 13.5 59.1 
 
SHC4 14.1 70.6 
SHCBP1 14.3 72.0 
 
SHE 12.7 63.1 
 
SHISA2 13.5 78.0 
SHKBP1 13.4 89.7 
 
SHMT1 14.3 82.9 
 
SHMT2 15.8 88.5 
SHOC2 18.7 97.8 
 
SHOX2 13.4 82.6 
 
SHPK 13.4 74.7 
SHQ1 13.6 48.7 
 
SHROOM1 12.4 34.2 
 
SHROOM2 12.8 35.4 
SIAE 16.4 60.6 
 
SIAH3 17.3 57.6 
 
SIGLEC1 13.6 58.6 
SIGLEC15 12.9 65.2 
 
SIGMAR1 18.0 88.4 
 
SIK2 13.3 73.0 
SIL1 13.1 74.0 
 
SIM1 15.3 84.5 
 
SIN3A 14.2 91.0 
SIP1 15.6 69.0 
 
SIPA1 12.7 65.3 
 
SIPA1L2 13.2 86.1 
SIRPA 14.4 55.7 
 
SIRT1 13.9 78.6 
 
SIRT2 14.7 67.7 
SIRT3 15.0 53.3 
 
SIRT5 13.1 78.1 
 
SIRT6 13.1 76.5 
SIVA1 13.7 53.7 
 
SIX5 11.1 61.7 
 
SKAP1 14.7 68.1 
SKAP2 14.1 84.7 
 
SKI 12.8 75.0 
 
SKIL 14.0 82.4 
SKIV2L2 14.1 96.2 
 
SLA2 13.2 60.8 
 
SLAMF1 14.8 42.0 
SLBP 13.2 76.8 
 
SLC10A1 17.4 55.2 
 
SLC10A3 15.0 73.0 
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SLC10A6 15.6 48.1 
 
SLC11A1 14.7 79.6 
 
SLC11A2 16.5 62.6 
SLC12A2 13.6 82.1 
 
SLC12A3 15.5 85.7 
 
SLC12A4 17.2 93.9 
SLC12A5 16.4 77.6 
 
SLC12A6 17.7 96.7 
 
SLC12A7 14.7 63.4 
SLC12A8 14.8 52.5 
 
SLC12A9 15.3 88.8 
 
SLC13A1 17.2 72.2 
SLC13A2 16.2 65.2 
 
SLC13A3 16.2 80.4 
 
SLC13A4 14.3 83.2 
SLC13A5 16.8 62.7 
 
SLC14A1 16.0 62.4 
 
SLC14A2 15.0 73.0 
SLC15A1 15.1 73.4 
 
SLC16A1 15.6 76.7 
 
SLC16A12 15.7 80.9 
SLC16A13 18.1 78.6 
 
SLC16A14 15.5 74.4 
 
SLC16A3 18.1 80.0 
SLC16A4 16.4 66.9 
 
SLC16A5 15.8 53.0 
 
SLC16A6 15.1 72.1 
SLC16A7 16.5 61.8 
 
SLC16A8 13.5 55.5 
 
SLC16A9 19.9 80.4 
SLC17A3 16.7 47.6 
 
SLC17A5 16.9 77.4 
 
SLC17A7 22.5 67.4 
SLC17A8 15.8 53.9 
 
SLC17A9 14.7 70.0 
 
SLC18A1 15.5 70.5 
SLC18A2 14.9 84.8 
 
SLC18A3 14.3 69.2 
 
SLC19A2 17.7 77.6 
SLC19A3 16.5 48.2 
 
SLC1A1 18.3 84.0 
 
SLC1A2 17.8 85.5 
SLC1A3 14.4 93.9 
 
SLC1A4 13.7 82.6 
 
SLC1A5 13.9 75.1 
SLC1A6 18.2 92.4 
 
SLC20A1 14.8 87.8 
 
SLC20A2 14.7 81.7 
SLC22A1 15.8 63.9 
 
SLC22A14 16.6 34.8 
 
SLC22A15 19.3 60.3 
SLC22A2 18.4 70.9 
 
SLC22A4 16.8 59.6 
 
SLC22A5 16.5 78.7 
SLC22A6 18.1 75.4 
 
SLC23A1 14.8 66.2 
 
SLC23A2 15.9 93.1 
SLC23A3 14.9 46.1 
 
SLC24A2 14.3 84.3 
 
SLC24A3 16.2 65.8 
SLC24A4 15.4 81.3 
 
SLC24A5 17.6 76.7 
 
SLC25A1 17.2 73.6 
SLC25A11 18.2 94.6 
 
SLC25A12 17.0 94.7 
 
SLC25A13 17.7 93.1 
SLC25A14 20.0 95.4 
 
SLC25A15 20.4 89.4 
 
SLC25A16 17.4 90.4 
SLC25A17 21.7 91.6 
 
SLC25A19 15.7 66.4 
 
SLC25A2 17.2 61.8 
SLC25A24 17.4 76.4 
 
SLC25A25 19.3 77.6 
 
SLC25A26 17.5 80.0 
SLC25A27 18.4 91.1 
 
SLC25A3 16.0 85.7 
 
SLC25A34 16.3 78.4 
SLC25A35 15.4 55.8 
 
SLC25A36 18.8 78.8 
 
SLC25A38 14.9 74.3 
SLC25A39 15.0 83.3 
 
SLC25A4 16.5 90.3 
 
SLC25A40 15.7 76.8 
SLC25A41 16.3 57.5 
 
SLC25A42 14.2 86.8 
 
SLC25A44 17.2 74.4 
SLC25A45 15.1 61.6 
 
SLC25A5 20.0 96.3 
 
SLC26A1 14.3 67.7 
SLC26A10 14.6 44.6 
 
SLC26A11 15.8 69.5 
 
SLC26A2 15.4 71.2 
SLC26A3 15.6 70.2 
 
SLC26A4 16.1 70.1 
 
SLC26A5 16.9 92.2 
SLC26A6 15.0 61.7 
 
SLC26A7 18.8 76.2 
 
SLC26A9 14.8 73.7 
SLC27A1 13.8 82.6 
 
SLC27A2 15.9 56.7 
 
SLC27A4 14.9 74.4 
SLC28A1 15.1 59.3 
 
SLC28A3 16.1 60.5 
 
SLC29A1 15.8 70.1 
SLC29A2 15.2 58.3 
 
SLC29A3 16.3 63.7 
 
SLC29A4 15.2 73.7 
SLC2A1 13.4 93.9 
 
SLC2A10 15.0 60.4 
 
SLC2A12 15.3 63.1 
SLC2A13 17.4 83.0 
 
SLC2A2 16.0 53.9 
 
SLC2A3 15.8 76.1 
SLC2A4 17.0 89.2 
 
SLC2A5 16.5 52.2 
 
SLC2A6 15.0 73.4 
SLC2A8 15.6 77.0 
 
SLC30A10 13.5 51.1 
 
SLC30A2 14.6 56.1 
SLC30A3 18.0 71.5 
 
SLC30A4 15.3 64.6 
 
SLC30A5 15.6 89.7 
SLC30A6 18.0 72.5 
 
SLC30A9 15.5 68.8 
 
SLC31A1 16.6 64.3 
SLC31A2 16.3 61.1 
 
SLC33A1 16.1 85.7 
 
SLC34A1 14.9 82.8 
SLC34A2 15.3 64.1 
 
SLC35A1 18.8 88.2 
 
SLC35A2 14.6 83.6 
SLC35A3 19.0 93.9 
 
SLC35A4 18.6 83.7 
 
SLC35B1 20.6 83.7 
SLC35B2 16.6 75.1 
 
SLC35B3 16.8 75.0 
 
SLC35B4 19.4 86.5 
SLC35C1 14.5 82.2 
 
SLC35C2 17.4 83.2 
 
SLC35D3 13.5 83.8 
SLC35E4 14.9 73.2 
 
SLC35F3 18.2 68.6 
 
SLC35F5 18.2 73.0 
SLC36A1 16.8 73.8 
 
SLC36A2 16.0 70.5 
 
SLC36A3 16.8 66.2 
SLC36A4 19.1 74.3 
 
SLC37A2 16.2 66.0 
 
SLC37A3 16.1 77.1 
192 
 
SLC37A4 15.9 89.8 
 
SLC38A3 15.5 82.6 
 
SLC38A4 15.7 83.8 
SLC38A6 19.5 68.6 
 
SLC38A7 16.8 88.8 
 
SLC38A8 15.3 60.3 
SLC39A1 17.3 72.6 
 
SLC39A11 15.2 79.9 
 
SLC39A12 15.0 64.1 
SLC39A13 14.1 71.5 
 
SLC39A14 15.2 79.5 
 
SLC39A2 16.5 46.2 
SLC39A3 15.0 76.2 
 
SLC39A4 13.9 53.3 
 
SLC39A5 14.3 63.9 
SLC39A7 14.7 72.7 
 
SLC39A8 14.8 60.4 
 
SLC39A9 13.6 77.1 
SLC3A1 15.0 65.2 
 
SLC3A2 14.7 44.6 
 
SLC40A1 14.0 83.5 
SLC41A1 13.9 95.2 
 
SLC41A2 13.9 87.0 
 
SLC41A3 17.1 56.7 
SLC43A2 16.0 87.2 
 
SLC43A3 16.1 60.7 
 
SLC44A1 19.0 90.6 
SLC44A2 16.5 83.3 
 
SLC44A3 16.5 60.3 
 
SLC44A4 15.2 72.6 
SLC44A5 17.6 53.1 
 
SLC45A1 14.3 71.1 
 
SLC45A2 15.1 69.3 
SLC45A3 17.2 81.4 
 
SLC45A4 14.7 59.1 
 
SLC46A1 15.4 73.9 
SLC46A2 15.5 64.1 
 
SLC46A3 17.4 62.5 
 
SLC47A2 15.8 35.7 
SLC4A1 15.5 62.6 
 
SLC4A10 18.0 73.6 
 
SLC4A11 15.3 56.3 
SLC4A2 13.6 88.7 
 
SLC4A3 13.6 76.8 
 
SLC4A4 17.8 95.1 
SLC4A8 17.2 88.0 
 
SLC4A9 14.4 63.1 
 
SLC5A1 16.6 79.7 
SLC5A10 15.3 77.1 
 
SLC5A11 16.0 69.6 
 
SLC5A12 16.3 72.7 
SLC5A2 16.8 86.7 
 
SLC5A3 17.3 91.8 
 
SLC5A5 15.3 58.7 
SLC5A7 15.8 83.2 
 
SLC5A8 16.4 60.3 
 
SLC5A9 15.4 71.2 
SLC6A1 16.2 96.5 
 
SLC6A14 16.6 80.1 
 
SLC6A15 18.8 83.5 
SLC6A16 17.1 23.5 
 
SLC6A17 14.8 93.1 
 
SLC6A2 17.1 78.8 
SLC6A3 16.4 61.5 
 
SLC6A4 16.6 83.8 
 
SLC6A5 13.6 73.9 
SLC6A6 17.2 86.8 
 
SLC6A7 16.7 88.6 
 
SLC6A8 18.6 78.5 
SLC6A9 18.9 67.3 
 
SLC7A1 15.5 70.1 
 
SLC7A11 17.3 76.4 
SLC7A14 16.9 94.3 
 
SLC7A2 17.8 81.4 
 
SLC7A3 15.6 75.7 
SLC7A4 15.4 63.0 
 
SLC7A5 19.6 77.4 
 
SLC7A6 15.1 79.0 
SLC7A6OS 12.5 59.6 
 
SLC7A7 15.8 66.0 
 
SLC7A8 15.2 84.1 
SLC7A9 16.6 75.2 
 
SLC8A1 15.2 91.1 
 
SLC8A2 13.8 83.5 
SLC8A3 16.9 92.3 
 
SLC9A1 13.9 89.4 
 
SLC9A10 17.0 44.8 
SLC9A2 14.7 59.1 
 
SLC9A3R1 13.5 55.0 
 
SLC9A5 16.5 91.7 
SLC9A6 16.2 82.2 
 
SLC9A7 18.0 67.6 
 
SLC9A9 15.2 85.5 
SLCO1C1 15.8 75.1 
 
SLCO2A1 15.3 74.4 
 
SLCO2B1 15.0 62.1 
SLCO3A1 16.5 73.9 
 
SLCO4A1 15.0 57.5 
 
SLFN14 15.2 54.4 
SLIT2 16.8 93.5 
 
SLITRK1 20.4 96.8 
 
SLITRK2 14.7 94.6 
SLITRK4 17.7 91.5 
 
SLITRK6 16.0 84.1 
 
SLK 13.1 77.8 
SLMO2 18.3 90.8 
 
SLU7 18.4 87.9 
 
SMAD1 15.4 98.1 
SMAD2 19.3 99.2 
 
SMAD3 18.7 98.8 
 
SMAD4 16.2 97.7 
SMAD6 13.2 88.1 
 
SMAD7 14.3 90.2 
 
SMAD9 20.3 78.1 
SMAP2 13.9 84.0 
 
SMARCA2 14.5 94.4 
 
SMARCA4 15.8 98.1 
SMARCA5 14.0 96.6 
 
SMARCAD1 17.2 89.3 
 
SMARCAL1 14.3 56.3 
SMARCB1 19.3 99.5 
 
SMARCD1 19.3 84.6 
 
SMARCD2 14.4 84.2 
SMARCD3 18.2 99.4 
 
SMARCE1 12.6 93.5 
 
SMC1A 18.4 94.5 
SMC2 13.8 62.9 
 
SMC3 19.5 86.7 
 
SMC5 14.8 42.1 
SMEK1 14.2 98.3 
 
SMG1 16.7 94.9 
 
SMG5 16.0 80.6 
SMG6 13.7 79.7 
 
SMG7 15.8 87.4 
 
SMNDC1 19.3 97.9 
SMO 15.9 80.3 
 
SMOC1 14.8 89.0 
 
SMOX 16.8 84.7 
SMPD1 14.1 73.0 
 
SMPD3 13.8 83.0 
 
SMPD4 14.8 78.1 
SMPDL3A 15.4 67.4 
 
SMPDL3B 14.2 63.8 
 
SMS 20.4 82.0 
SMTN 12.2 72.4 
 
SMTNL1 11.5 44.3 
 
SMU1 19.5 99.4 
SMUG1 14.1 56.0 
 
SMURF1 15.0 80.8 
 
SMURF2 16.0 78.9 
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SMYD1 19.0 87.2 
 
SMYD2 14.1 87.3 
 
SMYD4 14.2 45.7 
SMYD5 18.2 63.1 
 
SNAI1 13.1 74.7 
 
SNAI2 14.8 89.6 
SNAI3 13.6 48.5 
 
SNAP23 11.5 80.2 
 
SNAP25 22.3 99.5 
SNAP29 13.3 68.6 
 
SNAP47 14.9 47.6 
 
SNAP91 13.7 88.7 
SNAPC1 14.6 62.1 
 
SNAPC2 12.7 41.5 
 
SNAPC3 13.9 76.5 
SNAPIN 14.4 95.6 
 
SNCA 14.6 90.8 
 
SNCAIP 12.8 68.2 
SNCB 12.4 94.8 
 
SND1 16.6 88.7 
 
SNF8 15.4 97.3 
SNIP1 12.2 59.8 
 
SNPH 12.4 64.9 
 
SNRNP200 19.2 98.2 
SNRNP27 16.7 95.5 
 
SNRNP35 16.1 81.8 
 
SNRNP40 17.9 96.9 
SNRNP48 13.2 60.3 
 
SNRNP70 14.1 93.6 
 
SNRPA 20.2 93.1 
SNRPA1 18.8 96.5 
 
SNRPB 18.3 94.2 
 
SNRPD1 24.6 99.2 
SNRPD3 22.4 97.6 
 
SNRPN 14.8 98.3 
 
SNTA1 12.9 81.1 
SNTB1 15.4 61.3 
 
SNTB2 15.7 87.5 
 
SNTG1 15.2 79.7 
SNUPN 16.8 82.1 
 
SNX1 17.7 92.2 
 
SNX10 21.0 92.1 
SNX11 15.0 67.3 
 
SNX12 18.0 94.0 
 
SNX15 12.7 79.7 
SNX16 14.2 66.4 
 
SNX17 15.8 97.5 
 
SNX18 15.7 89.3 
SNX19 14.0 66.7 
 
SNX2 18.2 73.7 
 
SNX20 14.3 62.5 
SNX22 14.2 62.2 
 
SNX24 18.6 85.3 
 
SNX25 15.1 81.3 
SNX27 21.5 92.8 
 
SNX3 22.4 97.6 
 
SNX31 18.0 59.2 
SNX33 14.6 89.1 
 
SNX4 17.9 84.7 
 
SNX5 14.4 95.8 
SNX7 17.7 73.6 
 
SNX8 14.2 77.0 
 
SNX9 14.3 77.0 
SOAT1 17.7 74.0 
 
SOAT2 15.9 68.6 
 
SOBP 14.4 66.6 
SOCS1 15.2 72.3 
 
SOCS2 14.6 88.9 
 
SOCS3 12.7 91.3 
SOCS5 16.8 92.2 
 
SOD1 13.4 55.7 
 
SOD2 14.1 83.9 
SOD3 13.2 46.2 
 
SOHLH2 14.4 36.1 
 
SOLH 12.9 77.2 
SON 13.1 53.1 
 
SORBS3 13.1 48.2 
 
SORCS1 16.5 72.4 
SORCS3 14.0 83.0 
 
SORD 14.9 75.4 
 
SORL1 14.3 85.2 
SOS1 17.4 86.2 
 
SOST 17.0 83.2 
 
SOSTDC1 18.9 91.8 
SOX1 13.8 87.6 
 
SOX10 14.9 73.2 
 
SOX13 12.4 70.6 
SOX17 12.2 66.7 
 
SOX30 12.9 67.6 
 
SOX5 17.8 92.0 
SOX7 12.7 61.6 
 
SP1 13.0 91.3 
 
SP3 14.4 84.2 
SP6 11.3 93.6 
 
SP7 13.6 79.4 
 
SPA17 13.1 65.4 
SPACA1 14.2 53.1 
 
SPAG7 14.6 93.9 
 
SPAG9 15.7 78.5 
SPAM1 16.3 29.2 
 
SPARC 16.8 90.2 
 
SPARCL1 12.6 46.9 
SPAST 15.6 87.5 
 
SPATA17 15.2 51.7 
 
SPATA18 13.6 60.6 
SPATA19 13.9 56.6 
 
SPATA2 14.2 72.1 
 
SPATA20 14.1 80.7 
SPATA22 14.2 57.5 
 
SPATA2L 12.5 69.1 
 
SPATA4 15.4 44.0 
SPATA6 17.6 70.9 
 
SPATA9 14.7 72.7 
 
SPATS2 13.2 77.3 
SPC24 15.6 64.9 
 
SPCS2 12.2 93.0 
 
SPCS3 28.5 99.5 
SPEF1 12.6 81.0 
 
SPEG 12.4 75.3 
 
SPEM1 13.6 43.8 
SPERT 12.9 58.4 
 
SPG20 12.9 77.8 
 
SPG21 17.3 96.1 
SPG7 15.0 68.5 
 
SPHK1 14.8 47.7 
 
SPHK2 15.6 73.5 
SPHKAP 13.4 54.4 
 
SPIC 14.7 56.8 
 
SPIN1 19.6 98.1 
SPIN4 18.6 95.2 
 
SPINK5 13.6 40.2 
 
SPINT1 14.0 59.1 
SPINT2 14.2 58.1 
 
SPN 12.3 15.6 
 
SPNS1 13.7 90.0 
SPNS3 14.9 57.3 
 
SPO11 17.3 75.3 
 
SPOCK1 15.4 76.4 
SPON1 15.2 94.6 
 
SPOP 26.2 99.7 
 
SPOPL 18.7 93.9 
SPP1 13.6 30.1 
 
SPR 14.5 60.8 
 
SPRED1 13.6 79.5 
SPRED2 15.1 86.6 
 
SPRY1 16.8 81.9 
 
SPRY2 14.6 89.3 
SPRY3 15.4 90.3 
 
SPRY4 15.6 81.8 
 
SPRYD3 15.3 83.8 
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SPRYD4 18.2 77.9 
 
SPSB2 17.0 69.8 
 
SPSB3 13.4 58.4 
SPSB4 13.7 94.9 
 
SPTLC1 18.1 85.9 
 
SPTLC2 15.8 74.2 
SPTLC3 15.7 52.7 
 
SPTY2D1 13.0 58.6 
 
SPZ1 14.3 23.8 
SQLE 17.5 74.6 
 
SQRDL 15.7 58.8 
 
SRA1 14.2 63.6 
SRBD1 14.1 68.8 
 
SRC 14.0 95.6 
 
SRCRB4D 13.6 79.2 
SRD5A1 16.6 55.3 
 
SRD5A2 17.8 67.8 
 
SRD5A3 15.4 72.5 
SREBF1 13.1 68.8 
 
SREBF2 12.8 85.6 
 
SRF 14.3 94.3 
SRFBP1 13.7 54.6 
 
SRGAP1 17.3 92.4 
 
SRGAP2 15.6 91.2 
SRGAP3 20.5 98.2 
 
SRGN 14.4 32.1 
 
SRI 15.7 86.9 
SRMS 14.7 46.0 
 
SRP14 16.3 70.1 
 
SRP68 15.3 91.1 
SRP72 16.5 94.9 
 
SRPK1 14.1 70.9 
 
SRPK2 13.1 85.2 
SRPK3 14.6 84.4 
 
SRPR 14.5 90.0 
 
SRPX 15.0 78.0 
SRPX2 16.9 89.3 
 
SRR 16.8 76.8 
 
SRRD 15.5 30.9 
SRRM1 13.0 87.9 
 
SRRT 13.8 91.9 
 
SS18 15.8 69.7 
SSB 16.3 72.8 
 
SSBP2 23.9 99.5 
 
SSBP3 17.2 60.7 
SSBP4 13.8 74.9 
 
SSFA2 13.0 64.2 
 
SSH1 13.0 60.9 
SSH2 13.4 69.2 
 
SSH3 13.0 70.5 
 
SSPO 13.0 60.1 
SSR1 17.0 92.0 
 
SSR2 18.9 80.8 
 
SSR3 21.5 97.9 
SSR4 21.4 92.5 
 
SSRP1 16.3 95.4 
 
SSSCA1 13.7 85.5 
SST 17.6 94.0 
 
SSTR1 19.2 98.0 
 
SSTR2 14.5 91.1 
SSTR3 13.5 74.5 
 
SSTR5 17.7 60.4 
 
SSU72 16.9 97.4 
SSX2IP 13.5 84.1 
 
ST14 14.6 49.5 
 
ST18 13.6 69.8 
ST3GAL1 18.3 74.3 
 
ST3GAL2 13.7 91.2 
 
ST3GAL4 18.9 61.1 
ST3GAL5 15.4 67.5 
 
ST3GAL6 17.1 67.8 
 
ST5 13.6 88.7 
ST6GAL1 15.3 68.3 
 
ST6GALNAC
5 12.0 82.9 
 
ST7 24.9 69.0 
ST7L 14.2 88.9 
 
ST8SIA1 16.0 88.8 
 
ST8SIA2 14.5 87.8 
ST8SIA3 17.1 73.1 
 
STAB1 14.2 70.1 
 
STAC 12.9 77.5 
STAC2 15.2 90.3 
 
STAC3 14.1 89.1 
 
STAG3 14.4 69.8 
STAM 15.1 86.5 
 
STAM2 12.7 62.5 
 
STAMBPL1 14.3 62.4 
STAP1 14.7 68.4 
 
STAP2 14.3 52.4 
 
STAR 15.5 77.3 
STARD13 13.5 70.2 
 
STARD3 16.9 89.1 
 
STARD3NL 18.0 92.0 
STARD6 16.6 51.5 
 
STARD8 13.5 69.0 
 
STARD9 13.2 33.5 
STAT1 15.2 85.6 
 
STAT2 14.8 56.4 
 
STAT3 20.2 98.6 
STAT5A 14.3 93.5 
 
STAT5B 14.2 94.7 
 
STBD1 14.1 33.0 
STC1 14.4 64.5 
 
STC2 13.2 78.6 
 
STEAP1 17.7 73.5 
STEAP2 20.0 69.9 
 
STEAP3 15.1 56.2 
 
STIM1 14.1 93.0 
STIP1 15.5 94.7 
 
STK10 13.0 81.4 
 
STK11 13.6 75.1 
STK11IP 13.6 58.4 
 
STK16 13.4 86.0 
 
STK17B 17.5 86.3 
STK3 20.0 95.4 
 
STK31 14.5 64.6 
 
STK32B 15.0 63.1 
STK36 14.1 76.8 
 
STK38 17.2 74.8 
 
STK38L 15.6 72.6 
STK4 16.4 94.7 
 
STK40 15.0 61.5 
 
STMN1 18.8 98.0 
STMN2 24.0 99.4 
 
STMN4 17.2 86.6 
 
STOM 15.1 76.4 
STOML1 16.5 71.6 
 
STOML2 15.3 83.2 
 
STOX1 13.7 41.0 
STRA6 15.3 60.7 
 
STRADA 14.3 86.8 
 
STRADB 17.1 81.3 
STRAP 14.9 96.3 
 
STRBP 15.0 97.5 
 
STRC 13.6 78.7 
STRN3 16.2 84.8 
 
STRN4 12.2 77.9 
 
STT3A 22.2 98.3 
STT3B 16.7 96.5 
 
STUB1 15.6 68.6 
 
STX11 13.8 69.8 
STX12 17.1 88.8 
 
STX16 15.5 74.0 
 
STX17 16.1 87.8 
STX18 13.7 86.9 
 
STX19 14.3 79.0 
 
STX1A 17.2 75.9 
STX1B 19.9 72.8 
 
STX2 16.9 68.2 
 
STX6 16.0 91.4 
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STX7 15.9 86.6 
 
STX8 15.8 85.7 
 
STXBP2 15.8 89.6 
STXBP4 13.8 52.3 
 
STXBP5 15.9 81.7 
 
STXBP6 22.3 97.6 
STYK1 15.0 63.0 
 
STYX 14.4 80.8 
 
SUCLA2 17.2 83.4 
SUCLG1 16.0 83.0 
 
SUCLG2 16.3 86.2 
 
SUFU 17.4 85.9 
SULF2 14.6 89.3 
 
SULT1A1 15.4 58.5 
 
SULT1B1 16.2 62.7 
SULT1E1 16.1 58.0 
 
SULT4A1 14.5 75.3 
 
SULT6B1 14.9 66.5 
SUMF1 13.6 80.5 
 
SUMF2 14.7 54.8 
 
SUMO1 22.4 98.0 
SUOX 14.5 58.9 
 
SUPT16H 21.1 98.2 
 
SUPT3H 16.9 65.3 
SUPT4H1 26.3 99.2 
 
SUPT6H 15.8 97.2 
 
SURF4 20.0 90.2 
SUSD2 14.2 58.7 
 
SUV39H2 21.0 63.1 
 
SUV420H2 13.8 51.4 
SUZ12 20.4 95.8 
 
SV2A 17.1 96.8 
 
SV2B 20.2 85.3 
SV2C 17.9 88.5 
 
SVIL 14.0 56.0 
 
SVOP 18.8 92.4 
SYAP1 12.7 73.6 
 
SYCE1 13.4 30.2 
 
SYDE2 14.9 53.8 
SYF2 13.6 66.1 
 
SYK 13.0 82.9 
 
SYMPK 12.9 91.5 
SYN2 14.2 49.3 
 
SYNC 12.8 65.0 
 
SYNGR3 15.7 77.4 
SYNGR4 15.8 47.7 
 
SYNJ2BP 20.8 82.2 
 
SYNM 13.0 45.3 
SYNPO2 13.1 60.4 
 
SYNPR 17.2 81.8 
 
SYP 15.2 86.1 
SYPL2 14.5 65.8 
 
SYT1 21.6 96.2 
 
SYT10 18.5 79.8 
SYT11 13.7 91.0 
 
SYT12 16.7 88.1 
 
SYT13 14.9 77.9 
SYT16 13.2 53.6 
 
SYT17 15.8 87.0 
 
SYT3 13.6 93.8 
SYT4 16.0 84.5 
 
SYT5 15.6 87.3 
 
SYT6 15.5 64.7 
SYTL1 13.0 59.0 
 
SYTL2 13.8 68.0 
 
SYTL3 13.7 45.1 
SYTL5 13.9 68.1 
 
SYVN1 12.7 71.6 
 
T 12.8 81.1 
TAAR5 16.3 77.5 
 
TAC1 23.4 87.8 
 
TACC1 12.7 47.7 
TACR2 18.3 73.2 
 
TACR3 16.5 61.7 
 
TACSTD2 14.3 59.3 
TADA1L 20.6 93.8 
 
TADA2L 17.8 96.0 
 
TADA3L 21.3 99.1 
TAF1 13.9 85.4 
 
TAF10 11.1 89.5 
 
TAF11 13.1 80.7 
TAF13 18.7 98.4 
 
TAF15 12.9 85.2 
 
TAF1A 16.1 66.5 
TAF1C 13.9 44.7 
 
TAF1D 15.3 40.3 
 
TAF2 13.9 93.2 
TAF3 13.7 55.7 
 
TAF4B 13.3 64.0 
 
TAF5L 16.2 74.7 
TAF6 13.0 95.7 
 
TAF6L 16.1 87.8 
 
TAF7 17.9 91.4 
TAF8 15.0 77.8 
 
TAF9B 15.8 82.7 
 
TAGAP 13.3 49.3 
TAGLN 21.6 94.6 
 
TAGLN2 14.7 70.2 
 
TAGLN3 16.7 98.0 
TAL1 14.7 85.9 
 
TANC2 16.1 90.8 
 
TANK 14.5 65.4 
TAOK1 18.4 99.3 
 
TAOK3 15.2 93.7 
 
TAP2 15.0 54.4 
TAPBP 14.1 58.0 
 
TAPBPL 14.1 46.4 
 
TAPT1 15.6 68.9 
TARS 18.0 83.4 
 
TARS2 13.7 74.5 
 
TARSL2 14.9 62.9 
TAS1R1 15.4 61.1 
 
TAS1R2 15.9 58.9 
 
TAS1R3 14.8 56.1 
TAT 17.4 85.1 
 
TATDN1 16.6 77.9 
 
TATDN2 13.4 51.8 
TATDN3 14.3 63.5 
 
TAX1BP1 16.1 72.9 
 
TAX1BP3 18.3 98.4 
TAZ 17.3 92.8 
 
TBC1D1 13.7 81.7 
 
TBC1D10A 12.8 76.1 
TBC1D10C 13.1 57.8 
 
TBC1D13 16.5 67.8 
 
TBC1D14 14.8 79.6 
TBC1D16 13.1 80.8 
 
TBC1D17 13.1 84.3 
 
TBC1D19 19.1 90.7 
TBC1D2 13.2 67.7 
 
TBC1D20 17.5 88.9 
 
TBC1D21 17.9 65.3 
TBC1D22A 13.8 79.0 
 
TBC1D22B 15.3 94.1 
 
TBC1D23 15.1 92.0 
TBC1D24 14.1 77.1 
 
TBC1D25 15.2 82.5 
 
TBC1D2B 14.0 62.2 
TBC1D4 14.5 68.8 
 
TBC1D5 13.4 75.4 
 
TBC1D7 14.7 85.7 
TBC1D8 14.3 81.9 
 
TBC1D8B 14.4 77.7 
 
TBC1D9 16.2 51.9 
TBC1D9B 13.5 65.6 
 
TBCB 13.1 76.7 
 
TBCC 13.3 57.3 
TBCCD1 17.1 72.3 
 
TBCE 14.2 65.4 
 
TBCEL 28.4 86.5 
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TBK1 17.4 91.1 
 
TBKBP1 14.0 63.0 
 
TBL1X 12.5 77.1 
TBL1XR1 17.7 98.1 
 
TBL2 15.1 81.3 
 
TBL3 13.8 79.4 
TBPL2 14.8 55.2 
 
TBR1 18.0 98.7 
 
TBRG4 14.8 48.7 
TBX10 15.6 62.9 
 
TBX19 15.1 77.3 
 
TBX20 13.2 95.6 
TBX21 16.1 80.6 
 
TBX4 11.9 87.3 
 
TBX5 13.3 92.9 
TBX6 12.5 82.4 
 
TBXA2R 15.6 63.0 
 
TBXAS1 14.9 68.4 
TC2N 15.1 78.8 
 
TCAP 14.4 85.7 
 
TCEA3 14.9 85.1 
TCEAL1 12.5 72.3 
 
TCEB1 25.9 99.1 
 
TCEB2 15.0 90.8 
TCERG1 14.7 91.7 
 
TCF15 15.0 89.7 
 
TCF19 12.1 53.3 
TCF20 14.1 84.1 
 
TCF23 12.7 56.3 
 
TCF25 13.3 79.2 
TCF7 13.6 58.6 
 
TCHP 13.6 57.6 
 
TCIRG1 14.6 75.4 
TCN2 14.8 55.2 
 
TCP1 17.5 94.1 
 
TCP11L1 14.4 74.9 
TCP11L2 13.9 75.4 
 
TCTA 15.5 69.9 
 
TCTE1 14.1 33.1 
TCTE3 14.8 71.9 
 
TCTEX1D1 15.1 53.3 
 
TCTEX1D4 12.6 60.4 
TCTN3 14.6 56.8 
 
TDO2 15.3 85.0 
 
TDP1 14.1 62.1 
TDRD1 14.9 50.8 
 
TDRD6 14.8 54.9 
 
TDRD7 15.3 78.1 
TEAD1 18.3 83.7 
 
TEAD2 12.5 87.8 
 
TEAD4 15.1 65.9 
TEC 17.9 73.4 
 
TECPR1 14.4 68.8 
 
TECPR2 13.7 65.4 
TECTA 17.1 90.9 
 
TECTB 16.6 67.1 
 
TEKT1 14.2 72.8 
TEKT2 13.6 51.8 
 
TEKT3 15.6 78.0 
 
TEKT4 14.0 66.1 
TEKT5 14.8 63.8 
 
TELO2 13.5 51.7 
 
TEP1 14.4 53.0 
TERF2 13.2 61.2 
 
TERF2IP 13.1 55.0 
 
TERT 14.5 46.9 
TES 15.8 89.6 
 
TESK2 13.9 72.5 
 
TET3 12.9 74.1 
TEX101 14.7 24.1 
 
TEX11 16.0 39.6 
 
TEX14 13.7 40.4 
TEX2 14.2 82.2 
 
TEX261 21.3 83.9 
 
TEX264 14.5 77.1 
TEX28 14.4 39.1 
 
TEX9 13.8 41.0 
 
TFAM 15.7 51.4 
TFB2M 16.3 30.5 
 
TFDP1 14.8 86.0 
 
TFF2 13.4 58.5 
TFG 13.2 89.6 
 
TFIP11 13.7 87.8 
 
TFPI 15.7 31.2 
TFPI2 15.5 41.8 
 
TFPT 13.8 87.4 
 
TFRC 15.4 62.4 
TG 14.0 60.2 
 
TGFB1I1 16.5 80.7 
 
TGFB2 17.6 94.7 
TGFB3 14.7 78.7 
 
TGFBR1 16.4 85.2 
 
TGFBR2 14.8 82.5 
TGFBR3 14.0 68.5 
 
TGFBRAP1 14.4 72.3 
 
TGIF2 14.1 87.4 
TGM1 15.8 81.5 
 
TGM2 14.5 74.4 
 
TGM3 14.4 65.0 
TGM5 14.7 60.5 
 
TGM6 14.8 72.3 
 
TGM7 15.0 63.8 
TGS1 13.8 57.7 
 
TH 13.1 77.2 
 
TH1L 17.4 93.2 
THAP1 16.4 90.7 
 
THAP11 11.9 91.1 
 
THAP3 12.9 36.4 
THAP4 12.4 58.8 
 
THAP6 15.8 27.9 
 
THAP7 14.2 88.9 
THBD 13.1 52.8 
 
THBS1 16.9 83.4 
 
THBS2 14.0 64.9 
THBS3 16.6 94.3 
 
THBS4 15.9 84.8 
 
THEM5 15.3 60.6 
THG1L 17.7 58.2 
 
THNSL1 15.4 75.4 
 
THNSL2 14.5 74.4 
THOC2 14.5 80.3 
 
THOC3 16.9 96.9 
 
THOC5 17.2 93.6 
THOC6 18.2 88.9 
 
THOC7 18.6 81.7 
 
THOP1 13.2 75.0 
THRA 20.3 72.5 
 
THRAP3 13.6 90.4 
 
THRSP 14.0 60.9 
THSD1 14.2 61.6 
 
THTPA 13.6 61.0 
 
THUMPD2 14.9 51.5 
THY1 14.4 58.3 
 
THYN1 13.9 43.9 
 
TIA1 15.8 94.3 
TIAL1 22.7 93.5 
 
TIE1 13.9 79.5 
 
TIFAB 14.8 46.5 
TIMD4 15.3 29.9 
 
TIMM17A 23.8 79.7 
 
TIMM17B 17.2 92.5 
TIMM22 16.7 90.3 
 
TIMM23 16.5 92.9 
 
TIMM44 17.6 83.3 
TIMM50 13.4 67.0 
 
TIMP1 14.2 60.8 
 
TIMP2 14.2 90.5 
TIMP3 19.7 94.3 
 
TINAG 16.0 78.6 
 
TINAGL1 13.9 63.7 
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TINF2 14.3 34.1 
 
TJAP1 12.2 77.5 
 
TJP1 13.2 62.7 
TJP3 12.8 66.3 
 
TK1 14.0 77.0 
 
TK2 15.7 51.4 
TKT 16.4 77.8 
 
TKTL1 14.6 61.3 
 
TLCD2 15.6 47.8 
TLE3 14.7 88.9 
 
TLE4 16.2 93.5 
 
TLK1 15.1 87.7 
TLK2 16.8 77.3 
 
TLL1 15.1 82.6 
 
TLL2 14.0 82.1 
TLN1 15.5 97.9 
 
TLN2 15.3 97.7 
 
TLR2 15.8 58.9 
TLR3 15.7 68.8 
 
TLR4 16.8 40.4 
 
TLR5 15.6 40.5 
TLR7 15.6 52.0 
 
TLR9 14.5 65.4 
 
TLX1 12.7 92.6 
TLX2 11.7 86.0 
 
TM2D1 21.3 80.9 
 
TM2D2 14.3 87.0 
TM2D3 14.9 48.3 
 
TM4SF20 16.6 53.7 
 
TM4SF4 16.4 76.5 
TM4SF5 14.7 70.7 
 
TM6SF1 20.7 79.4 
 
TM6SF2 19.9 66.2 
TM7SF2 16.8 80.2 
 
TM7SF3 16.1 64.4 
 
TM9SF1 16.1 95.7 
TM9SF2 17.6 52.6 
 
TM9SF3 17.8 98.5 
 
TM9SF4 17.2 93.8 
TMBIM1 16.8 64.7 
 
TMBIM4 17.5 76.6 
 
TMC1 14.3 81.6 
TMC2 13.9 74.8 
 
TMC5 15.8 44.2 
 
TMC6 15.0 58.9 
TMC7 16.9 69.2 
 
TMC8 15.1 66.1 
 
TMCC2 14.5 86.8 
TMCC3 14.0 63.5 
 
TMCO1 27.4 99.5 
 
TMCO3 16.3 74.8 
TMCO7 14.4 65.8 
 
TMED1 16.3 89.0 
 
TMED10 17.9 90.9 
TMED6 15.5 68.6 
 
TMED8 13.5 69.1 
 
TMED9 18.4 67.8 
TMEFF2 17.8 95.5 
 
TMEM100 17.7 74.1 
 
TMEM101 21.1 95.4 
TMEM104 14.7 42.0 
 
TMEM106A 14.8 56.4 
 
TMEM106B 18.3 90.9 
TMEM106C 14.3 69.3 
 
TMEM107 19.6 83.7 
 
TMEM108 12.8 62.0 
TMEM109 15.4 66.4 
 
TMEM11 19.2 94.8 
 
TMEM110 21.0 77.2 
TMEM111 24.8 98.9 
 
TMEM115 17.3 92.3 
 
TMEM119 12.6 53.4 
TMEM120A 16.7 72.3 
 
TMEM120B 15.1 69.6 
 
TMEM126A 15.2 65.3 
TMEM126B 19.9 39.1 
 
TMEM127 18.4 97.9 
 
TMEM128 18.8 62.1 
TMEM130 15.7 62.7 
 
TMEM132A 13.3 71.2 
 
TMEM132E 13.0 80.2 
TMEM134 14.7 86.7 
 
TMEM135 15.8 88.0 
 
TMEM138 19.9 89.0 
TMEM140 16.2 45.2 
 
TMEM143 14.9 68.8 
 
TMEM144 17.3 77.4 
TMEM147 27.2 97.8 
 
TMEM149 13.2 43.0 
 
TMEM14C 17.2 74.8 
TMEM151A 15.2 75.0 
 
TMEM151B 16.3 77.1 
 
TMEM160 16.0 88.4 
TMEM161A 15.6 67.4 
 
TMEM161B 16.1 90.1 
 
TMEM164 18.1 81.9 
TMEM165 16.3 87.1 
 
TMEM169 14.5 79.9 
 
TMEM17 18.4 75.4 
TMEM173 15.3 51.8 
 
TMEM174 13.8 50.2 
 
TMEM176A 16.8 35.5 
TMEM176B 14.7 37.9 
 
TMEM178 18.1 78.8 
 
TMEM179B 15.8 67.3 
TMEM180 14.1 82.5 
 
TMEM181 16.3 55.5 
 
TMEM182 19.2 80.9 
TMEM183A 17.2 89.4 
 
TMEM184B 16.3 94.6 
 
TMEM184C 15.7 53.2 
TMEM188 23.3 66.4 
 
TMEM19 16.3 73.1 
 
TMEM190 14.3 56.5 
TMEM192 16.3 55.6 
 
TMEM199 17.2 81.3 
 
TMEM2 15.0 77.1 
TMEM200B 15.2 80.8 
 
TMEM205 16.7 70.5 
 
TMEM206 17.3 85.8 
TMEM208 21.2 93.7 
 
TMEM209 15.3 92.5 
 
TMEM214 15.4 71.1 
TMEM215 15.9 86.9 
 
TMEM218 19.6 73.3 
 
TMEM219 15.5 75.1 
TMEM22 15.5 90.3 
 
TMEM223 14.6 64.7 
 
TMEM225 18.0 25.1 
TMEM25 14.4 85.6 
 
TMEM26 15.7 60.9 
 
TMEM27 14.8 74.9 
TMEM30A 14.1 85.5 
 
TMEM35 17.8 86.5 
 
TMEM38A 16.1 88.0 
TMEM39A 18.9 86.1 
 
TMEM41A 15.0 81.9 
 
TMEM41B 17.9 86.6 
TMEM42 19.4 67.5 
 
TMEM43 15.6 87.8 
 
TMEM45A 17.5 51.5 
TMEM47 19.7 98.4 
 
TMEM5 15.8 60.3 
 
TMEM50A 17.6 91.8 
TMEM50B 21.8 97.5 
 
TMEM51 12.3 78.0 
 
TMEM52 13.2 43.2 
TMEM53 15.2 73.6 
 
TMEM54 14.6 56.1 
 
TMEM55A 21.6 80.6 
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TMEM55B 17.8 67.2 
 
TMEM57 16.3 99.0 
 
TMEM59 18.9 84.8 
TMEM59L 13.1 64.2 
 
TMEM61 14.7 34.3 
 
TMEM62 16.1 74.2 
TMEM63A 15.7 75.1 
 
TMEM63C 16.7 70.1 
 
TMEM65 18.7 85.0 
TMEM66 14.8 61.5 
 
TMEM67 15.3 74.4 
 
TMEM68 21.0 66.6 
TMEM70 16.3 47.1 
 
TMEM79 14.2 72.7 
 
TMEM80 16.5 44.4 
TMEM81 16.1 51.1 
 
TMEM82 15.1 58.7 
 
TMEM85 16.0 96.7 
TMEM86A 19.1 59.1 
 
TMEM86B 16.4 36.0 
 
TMEM87A 15.9 85.5 
TMEM87B 15.7 75.0 
 
TMEM88 12.1 82.5 
 
TMEM89 15.2 34.3 
TMEM90A 12.7 77.9 
 
TMEM93 24.0 96.4 
 
TMEM95 15.5 42.2 
TMEM97 16.8 65.5 
 
TMEM98 19.8 93.8 
 
TMEM9B 16.5 90.0 
TMF1 13.3 73.8 
 
TMIE 15.7 76.0 
 
TMIGD1 14.3 51.0 
TMLHE 15.6 83.2 
 
TMOD1 22.8 95.6 
 
TMOD2 16.8 89.0 
TMOD3 17.4 82.7 
 
TMOD4 15.9 93.1 
 
TMPO 17.4 78.3 
TMPRSS11A 15.4 50.7 
 
TMPRSS11F 15.1 71.1 
 
TMPRSS3 17.6 67.0 
TMPRSS4 15.1 63.7 
 
TMTC3 20.5 61.3 
 
TMUB1 15.7 85.0 
TMUB2 14.8 74.9 
 
TMX1 17.4 49.6 
 
TMX3 15.7 70.9 
TMX4 13.8 56.8 
 
TNC 13.8 60.7 
 
TNF 14.6 66.7 
TNFAIP1 16.6 94.6 
 
TNFAIP3 13.4 79.9 
 
TNFAIP6 18.4 68.4 
TNFAIP8L2 16.6 85.4 
 
TNFRSF11A 13.1 42.8 
 
TNFRSF11B 16.3 76.7 
TNFRSF18 14.2 39.4 
 
TNFRSF1A 14.0 42.7 
 
TNFRSF1B 12.5 43.0 
TNFRSF21 13.8 72.2 
 
TNFRSF25 13.2 41.7 
 
TNFRSF4 13.8 43.8 
TNFRSF9 14.2 47.7 
 
TNFSF11 17.5 73.4 
 
TNFSF14 13.8 53.1 
TNFSF15 14.6 57.0 
 
TNFSF4 15.8 30.9 
 
TNFSF8 16.2 60.2 
TNIK 14.8 91.2 
 
TNIP1 12.6 59.0 
 
TNIP2 12.8 37.6 
TNK1 14.1 61.9 
 
TNKS 16.0 96.2 
 
TNKS2 15.5 79.4 
TNMD 19.4 93.1 
 
TNN 13.5 58.6 
 
TNNI2 17.6 91.8 
TNNI3 12.7 87.3 
 
TNNI3K 16.9 64.5 
 
TNNT1 14.8 82.2 
TNNT3 15.0 85.1 
 
TNP2 14.0 24.5 
 
TNPO1 20.3 92.1 
TNPO2 20.2 97.8 
 
TNPO3 21.5 98.5 
 
TNR 14.6 87.3 
TNRC4 17.9 94.9 
 
TNRC6A 14.2 77.3 
 
TNRC6C 12.0 65.8 
TNS1 12.8 66.8 
 
TNS4 13.1 60.2 
 
TOB2 15.5 84.4 
TOE1 13.3 74.3 
 
TOLLIP 17.2 86.6 
 
TOM1 12.4 83.0 
TOM1L1 16.1 55.2 
 
TOM1L2 15.0 68.4 
 
TOMM22 12.9 88.8 
TOMM34 15.7 71.0 
 
TOMM40 13.5 72.7 
 
TOMM40L 18.4 68.8 
TOMM70A 15.3 68.0 
 
TOP1 19.1 73.3 
 
TOP2A 14.5 72.3 
TOP3A 14.0 77.0 
 
TOP3B 13.4 88.6 
 
TOPBP1 14.5 51.1 
TOPORS 13.9 69.8 
 
TOR1A 15.8 67.9 
 
TOR1AIP2 13.7 47.3 
TOR1B 16.0 58.1 
 
TOR2A 14.6 65.3 
 
TOR3A 14.3 46.1 
TOX 12.0 84.7 
 
TOX2 13.1 73.2 
 
TOX4 15.9 92.1 
TPBG 13.1 72.6 
 
TPCN1 15.5 84.2 
 
TPCN2 15.9 53.1 
TPD52 12.2 56.0 
 
TPD52L2 14.0 69.7 
 
TPI1 14.5 94.4 
TPK1 15.5 68.4 
 
TPM1 18.5 90.5 
 
TPM2 17.9 94.0 
TPM3 18.6 61.5 
 
TPMT 16.1 64.6 
 
TPO 14.2 46.0 
TPP1 14.4 81.6 
 
TPPP2 13.5 77.9 
 
TPPP3 15.6 93.2 
TPR 13.7 81.9 
 
TPRKB 16.7 77.8 
 
TPST1 16.7 94.6 
TPST2 15.9 75.8 
 
TPT1 24.4 94.8 
 
TPX2 14.1 67.7 
TRA2A 19.6 95.8 
 
TRADD 12.8 49.4 
 
TRAF1 13.4 66.9 
TRAF2 14.5 78.1 
 
TRAF3 15.8 92.4 
 
TRAF3IP1 12.8 52.4 
TRAF3IP3 14.9 50.9 
 
TRAF5 15.4 53.7 
 
TRAF7 15.8 86.4 
TRAFD1 13.5 63.5 
 
TRAK2 13.7 80.9 
 
TRAM1 19.2 90.9 
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TRAM1L1 16.6 41.0 
 
TRAP1 14.1 67.8 
 
TRAPPC10 14.7 82.1 
TRAPPC2 23.7 96.5 
 
TRAPPC2L 16.0 83.8 
 
TRAPPC3 21.4 76.8 
TRAPPC4 23.8 96.4 
 
TRAPPC5 16.8 96.8 
 
TRAPPC6B 23.1 96.9 
TRAPPC9 13.7 79.6 
 
TRDMT1 15.7 67.9 
 
TREH 14.2 50.3 
TREML1 13.7 45.2 
 
TREML2 14.8 25.2 
 
TRERF1 14.9 80.0 
TREX1 13.3 60.3 
 
TRH 12.8 38.2 
 
TRHR 18.2 91.0 
TRIB1 16.5 90.6 
 
TRIB2 21.2 97.4 
 
TRIB3 13.4 62.1 
TRIM10 13.4 54.7 
 
TRIM11 15.4 83.6 
 
TRIM13 17.5 83.3 
TRIM14 13.7 47.2 
 
TRIM17 14.2 58.0 
 
TRIM21 14.0 53.6 
TRIM23 18.7 90.0 
 
TRIM25 14.5 57.5 
 
TRIM26 15.3 76.3 
TRIM3 14.1 98.0 
 
TRIM32 15.0 90.3 
 
TRIM33 12.0 83.1 
TRIM35 14.4 58.9 
 
TRIM37 12.4 87.4 
 
TRIM38 15.2 27.5 
TRIM41 13.4 91.3 
 
TRIM42 14.6 83.5 
 
TRIM45 14.5 79.5 
TRIM46 17.7 90.7 
 
TRIM47 13.0 68.8 
 
TRIM50 14.1 79.5 
TRIM54 11.9 90.5 
 
TRIM55 14.0 75.8 
 
TRIM58 14.2 64.5 
TRIM62 19.1 85.7 
 
TRIM63 15.0 85.8 
 
TRIM66 13.4 64.2 
TRIM68 14.8 71.4 
 
TRIM69 15.3 70.1 
 
TRIM72 16.4 85.7 
TRIM9 17.2 74.6 
 
TRIML1 14.3 71.8 
 
TRIML2 14.9 32.4 
TRIP10 14.0 74.8 
 
TRIP12 15.9 95.2 
 
TRIP4 15.2 78.9 
TRIP6 13.4 80.4 
 
TRIT1 15.3 81.6 
 
TRMT1 12.8 54.7 
TRMT11 15.6 89.0 
 
TRMT12 13.9 67.7 
 
TRMT5 14.6 58.1 
TRNAU1AP 20.4 97.9 
 
TRNT1 16.5 80.6 
 
TROVE2 17.6 87.8 
TRPA1 16.4 69.0 
 
TRPC1 15.6 84.3 
 
TRPC3 18.9 78.2 
TRPC4 17.0 93.7 
 
TRPC4AP 15.4 69.3 
 
TRPC6 15.1 74.8 
TRPM1 14.4 69.5 
 
TRPM6 14.8 64.7 
 
TRPM7 15.1 92.0 
TRPM8 15.2 88.9 
 
TRPS1 12.7 88.7 
 
TRPT1 15.7 54.3 
TRPV1 14.5 80.4 
 
TRPV2 14.8 67.1 
 
TRPV4 13.9 93.1 
TRPV5 15.9 63.5 
 
TRPV6 15.5 63.0 
 
TRRAP 14.1 97.5 
TSC2 13.6 85.1 
 
TSC22D2 12.4 73.1 
 
TSEN2 14.1 55.4 
TSEN34 12.0 82.3 
 
TSEN54 12.7 52.1 
 
TSEPA 14.8 65.5 
TSFM 16.4 51.4 
 
TSG101 15.8 85.0 
 
TSGA10 15.4 93.4 
TSGA14 15.8 78.9 
 
TSHB 18.1 76.3 
 
TSHR 15.4 80.5 
TSHZ1 12.6 71.6 
 
TSHZ2 13.1 68.3 
 
TSHZ3 12.7 85.5 
TSKS 12.5 66.7 
 
TSKU 14.5 50.6 
 
TSNAX 16.2 89.4 
TSNAXIP1 14.5 61.1 
 
TSPAN1 15.9 46.8 
 
TSPAN10 14.3 34.4 
TSPAN12 20.4 96.1 
 
TSPAN14 20.7 77.1 
 
TSPAN15 19.7 86.1 
TSPAN17 22.9 76.7 
 
TSPAN18 17.7 86.4 
 
TSPAN2 18.4 77.3 
TSPAN31 18.2 86.7 
 
TSPAN33 19.6 91.2 
 
TSPAN4 15.8 75.6 
TSPAN5 21.3 99.3 
 
TSPAN7 20.5 96.0 
 
TSPAN8 16.2 46.4 
TSPO 16.0 67.7 
 
TSPYL2 13.1 57.2 
 
TSPYL4 12.7 55.6 
TSR2 13.0 75.5 
 
TSSC1 13.7 73.2 
 
TSSK2 15.7 67.7 
TSSK3 23.3 94.4 
 
TSSK4 18.2 80.9 
 
TSSK6 16.3 96.0 
TST 15.8 83.2 
 
TSTA3 13.4 88.8 
 
TTBK2 13.9 77.9 
TTC1 12.6 73.5 
 
TTC12 14.5 60.6 
 
TTC13 16.5 74.3 
TTC15 13.2 62.8 
 
TTC17 14.7 85.8 
 
TTC18 15.2 55.3 
TTC19 14.6 49.1 
 
TTC21B 17.8 76.5 
 
TTC23 15.6 43.3 
TTC25 13.4 66.5 
 
TTC28 13.4 44.3 
 
TTC29 14.8 49.2 
TTC3 14.5 64.9 
 
TTC32 14.0 64.1 
 
TTC35 21.0 96.0 
TTC36 12.3 78.4 
 
TTC37 14.6 78.2 
 
TTC39B 14.5 77.9 
TTC4 15.1 66.0 
 
TTC5 15.7 74.3 
 
TTC7B 16.1 69.4 
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TTC8 18.2 65.4 
 
TTC9C 18.6 86.1 
 
TTK 14.8 65.4 
TTL 14.3 89.7 
 
TTLL1 15.6 94.8 
 
TTLL12 14.3 74.7 
TTLL4 14.2 68.5 
 
TTLL5 13.8 76.9 
 
TTLL7 14.4 84.0 
TTLL8 14.0 44.1 
 
TTLL9 14.0 75.8 
 
TTPAL 14.5 87.2 
TTR 17.4 73.7 
 
TTRAP 14.5 57.6 
 
TTYH1 12.9 86.0 
TTYH2 14.9 66.7 
 
TUB 13.6 71.4 
 
TUBA4A 25.6 99.8 
TUBA8 16.0 98.2 
 
TUBB1 14.8 75.6 
 
TUBB2A 19.9 78.7 
TUBB2C 25.2 99.8 
 
TUBB3 16.2 99.6 
 
TUBB4 25.2 77.0 
TUBB6 14.2 95.3 
 
TUBD1 14.4 57.0 
 
TUBG1 20.1 96.9 
TUBG2 18.0 96.7 
 
TUBGCP2 14.5 70.9 
 
TUBGCP3 14.3 86.3 
TUBGCP4 16.1 75.3 
 
TUBGCP5 14.1 83.4 
 
TUFM 16.1 70.2 
TUFT1 13.3 65.4 
 
TULP2 14.0 38.7 
 
TULP3 13.8 58.0 
TUSC3 21.8 95.4 
 
TUSC4 14.6 96.6 
 
TUSC5 13.7 53.1 
TUT1 12.7 66.7 
 
TWF1 16.0 82.6 
 
TWIST1 16.4 92.8 
TWISTNB 13.6 49.1 
 
TWSG1 18.0 89.7 
 
TXK 15.4 68.0 
TXLNA 12.0 83.5 
 
TXLNB 12.3 55.8 
 
TXNDC12 17.6 86.7 
TXNDC15 12.9 61.1 
 
TXNDC16 14.7 60.6 
 
TXNDC9 16.0 86.3 
TXNL1 20.9 86.0 
 
TXNL4B 15.5 92.7 
 
TXNRD1 14.7 66.0 
TXNRD2 14.4 69.6 
 
TYR 17.4 75.7 
 
TYRO3 13.7 81.3 
TYRP1 14.8 78.6 
 
TYW1 14.8 71.0 
 
TYW3 17.2 43.8 
U2AF1 20.5 74.2 
 
U2AF1L4 19.5 74.2 
 
UAP1 17.0 87.8 
UBA1 15.5 85.4 
 
UBA2 13.6 78.6 
 
UBA3 20.0 93.5 
UBA5 13.0 78.6 
 
UBA6 14.7 83.3 
 
UBAC1 15.0 74.8 
UBAC2 16.7 79.8 
 
UBAP1 15.1 73.0 
 
UBASH3A 14.1 51.7 
UBASH3B 13.9 88.2 
 
UBE2B 18.0 98.7 
 
UBE2C 19.0 94.4 
UBE2CBP 14.5 54.2 
 
UBE2D1 26.8 99.3 
 
UBE2D2 26.9 99.3 
UBE2E1 14.7 98.5 
 
UBE2E2 18.3 91.3 
 
UBE2E3 24.0 99.5 
UBE2G2 23.9 86.8 
 
UBE2H 25.8 99.5 
 
UBE2J1 15.2 83.2 
UBE2J2 16.9 88.2 
 
UBE2K 18.1 99.0 
 
UBE2L3 26.3 99.4 
UBE2L6 14.2 55.2 
 
UBE2N 19.2 98.7 
 
UBE2O 13.2 78.7 
UBE2Q2 14.9 60.0 
 
UBE2R2 25.3 99.6 
 
UBE2S 13.8 87.5 
UBE2T 13.5 69.4 
 
UBE2V1 22.3 93.2 
 
UBE2V2 20.0 95.2 
UBE2W 23.6 98.7 
 
UBE3A 16.1 93.6 
 
UBE3B 14.5 89.4 
UBE3C 14.2 87.4 
 
UBE4A 17.2 74.0 
 
UBE4B 16.9 82.1 
UBFD1 19.8 79.7 
 
UBIAD1 18.0 73.4 
 
UBL3 19.6 98.3 
UBL4B 13.2 45.8 
 
UBL7 13.6 94.0 
 
UBLCP1 22.9 97.8 
UBN1 13.1 79.0 
 
UBN2 15.0 75.7 
 
UBOX5 13.9 67.9 
UBQLN1 11.7 79.0 
 
UBQLN2 13.9 85.7 
 
UBR1 16.4 88.2 
UBR2 14.8 86.5 
 
UBR4 13.7 94.3 
 
UBR5 12.7 97.8 
UBR7 13.8 82.2 
 
UBTD1 14.5 88.2 
 
UBTD2 18.7 94.5 
UBTF 13.8 76.0 
 
UBXN1 13.5 59.8 
 
UBXN10 12.7 49.3 
UBXN2A 16.4 78.2 
 
UBXN4 13.4 63.3 
 
UBXN6 13.7 68.2 
UBXN8 14.4 65.5 
 
UCHL5 14.3 95.2 
 
UCK2 20.4 78.2 
UCMA 15.6 55.4 
 
UCN 14.5 70.8 
 
UCP1 16.4 66.7 
UCP2 15.1 92.9 
 
UCP3 14.2 79.6 
 
UEVLD 15.0 67.1 
UFC1 19.0 95.2 
 
UFSP2 15.4 67.9 
 
UGCG 21.9 98.0 
UGCGL1 15.5 79.5 
 
UGCGL2 15.5 62.7 
 
UGDH 15.7 96.4 
UGP2 15.8 97.5 
 
UGT3A1 16.6 48.7 
 
UHMK1 18.1 77.8 
UHRF1 14.2 66.8 
 
UHRF1BP1 14.6 74.3 
 
UHRF1BP1L 14.9 77.1 
UHRF2 17.7 59.2 
 
ULK1 15.7 80.6 
 
ULK3 15.7 68.6 
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UMOD 14.6 64.8 
 
UMPS 13.3 64.1 
 
UNC119 14.5 86.4 
UNC119B 13.9 64.5 
 
UNC13D 14.1 78.8 
 
UNC45A 12.7 88.6 
UNC45B 16.9 89.5 
 
UNC50 20.2 92.5 
 
UNC5A 15.5 66.8 
UNC5B 16.0 88.7 
 
UNC5C 17.8 95.0 
 
UNC5CL 14.1 68.3 
UNC5D 13.0 89.4 
 
UNC84B 14.3 54.5 
 
UNC93A 15.6 60.1 
UNC93B1 15.6 74.6 
 
UNG 13.7 76.8 
 
UNK 14.1 85.3 
UPB1 16.3 74.9 
 
UPF1 18.0 87.4 
 
UPF2 17.2 95.5 
UPF3A 13.2 41.2 
 
UPK1A 17.8 87.3 
 
UPK1B 17.3 64.6 
UPK2 14.3 78.0 
 
UPK3A 13.6 72.3 
 
UPK3B 14.9 63.0 
UPP1 14.6 60.6 
 
UPRT 13.0 75.6 
 
URB2 15.3 55.7 
URM1 20.0 90.2 
 
UROC1 14.0 62.6 
 
UROD 15.0 87.2 
UROS 14.2 66.9 
 
USE1 13.5 79.8 
 
USF1 18.8 97.4 
USF2 13.1 77.5 
 
USH1G 16.0 91.6 
 
USHBP1 12.5 48.0 
USO1 15.9 87.6 
 
USP1 14.1 83.6 
 
USP10 13.2 71.2 
USP11 14.1 53.7 
 
USP12 19.1 97.0 
 
USP14 18.0 86.6 
USP15 21.2 93.4 
 
USP16 16.3 76.3 
 
USP19 15.2 64.6 
USP2 15.9 82.4 
 
USP20 13.5 79.4 
 
USP21 15.5 77.0 
USP22 14.6 69.2 
 
USP25 13.4 89.4 
 
USP26 15.7 23.0 
USP28 13.4 81.6 
 
USP32 16.0 67.5 
 
USP33 13.6 64.2 
USP36 13.5 52.1 
 
USP37 14.1 85.1 
 
USP38 14.5 81.6 
USP39 15.4 95.4 
 
USP4 14.7 76.0 
 
USP40 15.2 56.5 
USP42 13.2 55.7 
 
USP44 17.0 40.9 
 
USP45 14.3 59.8 
USP46 16.3 89.7 
 
USP49 13.2 78.6 
 
USP5 15.7 97.1 
USP50 15.3 53.2 
 
USP6NL 14.0 67.1 
 
USP8 13.9 73.6 
UTP11L 16.6 83.9 
 
UTP14A 13.6 63.5 
 
UTP15 18.0 79.3 
UTP18 13.9 72.7 
 
UTP23 18.0 82.5 
 
UTP6 16.1 68.5 
UTS2R 14.5 59.4 
 
UVRAG 13.5 84.4 
 
UXS1 16.2 70.5 
UXT 15.0 85.4 
 
VAC14 15.6 89.7 
 
VAMP1 17.2 84.3 
VAMP4 17.9 90.1 
 
VAMP5 16.7 59.8 
 
VAMP8 17.3 80.4 
VANGL1 18.3 91.7 
 
VAPA 17.8 92.4 
 
VAPB 15.2 87.7 
VARS 14.2 86.0 
 
VASP 12.1 78.5 
 
VAT1L 17.1 74.8 
VAV1 15.3 90.7 
 
VAV3 15.7 80.0 
 
VAX1 12.5 93.8 
VBP1 17.5 93.4 
 
VCAM1 15.0 60.5 
 
VCAN 13.8 42.9 
VCP 17.5 99.5 
 
VCPIP1 14.3 92.3 
 
VDAC1 20.9 97.9 
VDAC2 15.8 94.3 
 
VDAC3 23.0 96.1 
 
VDR 14.4 78.7 
VEGFC 14.4 78.9 
 
VEZF1 14.5 94.3 
 
VEZT 14.2 76.6 
VGLL3 16.7 65.8 
 
VGLL4 14.7 81.1 
 
VHL 12.7 66.4 
VIL1 13.8 80.4 
 
VIM 14.4 88.8 
 
VIP 15.3 72.1 
VIPR1 14.6 73.8 
 
VIT 14.8 67.6 
 
VKORC1 18.4 79.3 
VKORC1L1 21.0 69.5 
 
VLDLR 16.1 88.4 
 
VNN1 15.4 63.0 
VPS11 14.3 95.8 
 
VPS13C 15.0 74.8 
 
VPS18 14.8 83.2 
VPS24 13.2 94.7 
 
VPS25 21.1 84.2 
 
VPS26A 20.3 89.5 
VPS28 16.9 92.8 
 
VPS29 21.4 96.3 
 
VPS33A 15.2 95.5 
VPS33B 19.3 94.2 
 
VPS35 20.6 90.3 
 
VPS36 17.1 94.1 
VPS37A 16.0 84.9 
 
VPS37C 12.5 67.2 
 
VPS39 17.7 95.8 
VPS41 16.5 94.4 
 
VPS45 19.8 95.6 
 
VPS4A 17.0 59.8 
VPS4B 13.5 92.4 
 
VPS52 15.9 95.7 
 
VPS53 13.6 73.1 
VPS54 16.6 88.9 
 
VPS72 12.7 93.2 
 
VPS8 15.7 90.6 
VRK1 13.8 77.1 
 
VRK2 15.5 41.6 
 
VRK3 14.7 58.3 
VSIG1 14.6 46.6 
 
VSIG2 15.1 69.5 
 
VSIG4 14.0 32.5 
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VSTM2L 15.9 68.4 
 
VSX1 12.1 60.5 
 
VSX2 14.2 90.6 
VTA1 15.6 87.8 
 
VTCN1 16.0 67.0 
 
VTI1B 14.0 88.0 
VTN 14.7 57.9 
 
VWA1 13.3 64.2 
 
VWA2 14.3 57.8 
VWA5A 14.9 51.3 
 
VWCE 12.7 64.2 
 
VWF 14.1 66.0 
WARS 14.8 82.4 
 
WARS2 14.5 73.4 
 
WASF3 13.4 88.7 
WASL 12.1 88.0 
 
WBP1 13.4 74.1 
 
WBP11 13.2 89.6 
WBP2 18.2 92.4 
 
WBP4 14.2 66.2 
 
WDFY3 17.4 94.4 
WDHD1 14.4 63.4 
 
WDR1 17.8 77.0 
 
WDR12 16.4 69.3 
WDR16 14.9 81.9 
 
WDR18 15.0 64.7 
 
WDR19 15.1 63.7 
WDR22 12.7 78.1 
 
WDR23 15.1 90.6 
 
WDR24 16.3 73.3 
WDR3 15.0 86.5 
 
WDR31 14.6 73.4 
 
WDR32 12.9 61.9 
WDR33 15.3 94.4 
 
WDR34 13.2 72.2 
 
WDR37 13.9 91.4 
WDR4 14.2 63.1 
 
WDR40A 15.4 96.3 
 
WDR40C 13.4 49.3 
WDR41 17.5 64.8 
 
WDR43 13.6 76.9 
 
WDR44 14.2 86.8 
WDR45 18.9 97.0 
 
WDR45L 21.8 71.0 
 
WDR46 13.7 69.6 
WDR47 15.1 93.1 
 
WDR48 20.6 98.4 
 
WDR51A 15.4 84.6 
WDR53 14.4 75.8 
 
WDR54 17.2 77.9 
 
WDR55 12.8 81.6 
WDR59 17.2 90.0 
 
WDR6 14.6 78.9 
 
WDR60 14.3 42.8 
WDR61 21.7 95.4 
 
WDR62 13.6 55.7 
 
WDR67 14.5 74.0 
WDR68 26.6 99.7 
 
WDR69 17.2 63.2 
 
WDR7 13.7 91.8 
WDR70 13.0 75.2 
 
WDR74 13.4 82.4 
 
WDR75 14.9 77.2 
WDR76 14.9 54.0 
 
WDR77 16.5 83.4 
 
WDR8 17.8 78.8 
WDR82 27.6 99.7 
 
WDR88 15.2 36.7 
 
WDR91 14.3 64.8 
WDR92 17.9 90.8 
 
WEE2 13.9 52.0 
 
WFDC1 13.9 46.4 
WFDC2 12.8 35.0 
 
WFDC5 12.9 43.3 
 
WFIKKN1 13.1 66.3 
WFIKKN2 13.7 85.8 
 
WHSC1 14.2 77.0 
 
WHSC1L1 13.2 87.4 
WHSC2 14.0 87.6 
 
WIBG 12.7 81.6 
 
WIF1 13.1 69.0 
WIPF1 13.7 65.0 
 
WIPF2 12.3 89.3 
 
WIPI2 15.1 88.8 
WISP1 13.5 68.6 
 
WISP2 16.1 64.7 
 
WNK1 13.3 64.5 
WNT10B 16.6 82.3 
 
WNT11 17.1 95.2 
 
WNT2 15.3 88.9 
WNT3 15.8 98.3 
 
WNT5A 24.4 93.4 
 
WNT5B 16.7 65.6 
WNT6 12.9 73.6 
 
WNT7A 21.5 96.6 
 
WNT7B 18.7 90.7 
WNT8A 14.9 76.9 
 
WNT8B 13.5 68.2 
 
WNT9A 16.8 70.8 
WNT9B 15.7 81.3 
 
WRAP53 13.3 59.2 
 
WRB 17.5 90.3 
WSB1 19.2 91.7 
 
WSB2 14.9 94.1 
 
WWC2 12.8 68.6 
WWOX 13.4 78.8 
 
WWP1 13.6 87.0 
 
WWP2 13.5 86.7 
WWTR1 14.3 88.0 
 
XAB2 14.1 97.3 
 
XCR1 17.1 59.4 
XDH 14.7 79.8 
 
XIAP 15.3 61.7 
 
XIRP1 12.5 53.9 
XK 16.4 61.7 
 
XKR7 16.4 85.9 
 
XKR8 16.6 55.1 
XPA 12.7 78.6 
 
XPC 13.5 55.6 
 
XPNPEP1 15.5 93.6 
XPNPEP2 15.3 52.3 
 
XPNPEP3 16.7 57.7 
 
XPO1 21.3 98.0 
XPOT 19.1 94.9 
 
XPR1 16.1 93.1 
 
XRCC2 15.2 64.1 
XRCC4 13.6 61.1 
 
XRCC5 15.0 48.7 
 
XRCC6 15.2 73.7 
XRN1 14.0 81.3 
 
XRN2 16.6 92.3 
 
XYLB 16.3 71.9 
XYLT2 13.9 64.4 
 
YARS 14.4 88.7 
 
YARS2 14.2 76.4 
YBX1 17.7 97.3 
 
YBX2 13.7 87.2 
 
YEATS2 13.3 77.7 
YEATS4 16.2 96.9 
 
YES1 12.8 94.3 
 
YIF1A 18.8 89.1 
YIF1B 18.3 84.1 
 
YIPF1 17.7 80.8 
 
YIPF2 15.4 70.4 
YIPF3 17.0 94.0 
 
YIPF5 22.5 89.9 
 
YIPF6 17.1 79.0 
YIPF7 14.9 61.4 
 
YKT6 14.8 74.4 
 
YME1L1 14.8 81.4 
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YOD1 13.3 75.6 
 
YPEL1 21.6 96.7 
 
YPEL2 27.3 99.2 
YPEL5 25.7 99.2 
 
YRDC 12.4 68.2 
 
YSK4 14.5 40.9 
YTHDC1 14.0 89.1 
 
YTHDC2 15.1 94.3 
 
YTHDF2 16.5 78.5 
YTHDF3 13.0 95.3 
 
YWHAB 17.5 97.6 
 
YWHAE 21.4 99.2 
YWHAG 19.9 64.2 
 
YWHAQ 17.1 99.2 
 
YWHAZ 17.1 99.2 
YY1 14.4 96.2 
 
ZADH2 14.7 77.5 
 
ZBTB1 18.0 92.2 
ZBTB11 12.6 84.7 
 
ZBTB16 14.8 92.6 
 
ZBTB2 15.3 92.0 
ZBTB20 13.4 86.9 
 
ZBTB22 12.4 72.8 
 
ZBTB24 14.2 73.4 
ZBTB25 14.3 60.7 
 
ZBTB26 19.9 77.6 
 
ZBTB32 12.7 58.1 
ZBTB34 17.0 87.4 
 
ZBTB38 13.7 72.8 
 
ZBTB39 13.4 70.4 
ZBTB40 13.8 67.4 
 
ZBTB43 16.2 79.7 
 
ZBTB44 13.5 89.9 
ZBTB48 15.6 84.5 
 
ZBTB5 14.5 68.0 
 
ZBTB6 15.8 79.3 
ZBTB7A 11.5 79.6 
 
ZBTB7B 14.2 67.8 
 
ZBTB7C 13.7 59.9 
ZBTB8A 15.6 66.9 
 
ZBTB8OS 17.3 66.8 
 
ZC3H10 14.0 94.0 
ZC3H11A 13.8 71.4 
 
ZC3H12A 13.1 69.6 
 
ZC3H12B 13.8 75.9 
ZC3H12C 16.2 77.2 
 
ZC3H13 12.7 72.1 
 
ZC3H14 15.3 80.2 
ZC3H15 16.6 71.6 
 
ZC3H3 13.1 46.4 
 
ZC3H6 13.1 51.0 
ZC3H7A 14.7 72.1 
 
ZC3H7B 15.4 92.4 
 
ZC3H8 16.0 56.8 
ZC4H2 17.1 99.1 
 
ZCCHC10 13.4 80.8 
 
ZCCHC11 13.7 60.7 
ZCCHC12 13.5 49.7 
 
ZCCHC17 19.4 94.2 
 
ZCCHC4 14.4 65.7 
ZCCHC6 14.2 69.6 
 
ZCCHC8 13.0 75.0 
 
ZCCHC9 14.1 77.9 
ZCRB1 16.4 94.0 
 
ZCWPW1 13.5 43.7 
 
ZDHHC13 17.3 71.9 
ZDHHC14 17.1 76.5 
 
ZDHHC15 22.6 74.0 
 
ZDHHC16 19.4 91.0 
ZDHHC17 17.7 93.3 
 
ZDHHC19 16.3 44.0 
 
ZDHHC2 17.8 81.3 
ZDHHC20 17.8 67.4 
 
ZDHHC23 15.0 72.0 
 
ZDHHC24 16.5 62.5 
ZDHHC3 18.0 95.7 
 
ZDHHC4 17.4 59.4 
 
ZDHHC5 14.6 93.0 
ZDHHC6 19.7 89.4 
 
ZDHHC9 15.3 95.1 
 
ZEB1 11.9 74.1 
ZER1 20.1 93.6 
 
ZFAND1 14.2 58.5 
 
ZFAND2A 15.3 50.8 
ZFAND2B 13.0 69.6 
 
ZFAND3 15.0 68.9 
 
ZFAND5 17.1 97.2 
ZFAND6 14.4 83.0 
 
ZFAT 12.9 58.8 
 
ZFHX2 12.7 69.1 
ZFHX4 12.6 81.7 
 
ZFP106 13.3 65.8 
 
ZFP161 16.6 98.2 
ZFP28 14.6 47.1 
 
ZFP3 13.0 75.0 
 
ZFP36L1 19.7 96.8 
ZFP91 12.6 51.9 
 
ZFPL1 14.9 86.3 
 
ZFR 16.6 93.2 
ZFX 14.9 92.2 
 
ZFYVE1 16.4 94.5 
 
ZFYVE16 13.8 61.7 
ZFYVE19 12.3 57.9 
 
ZFYVE20 13.2 76.1 
 
ZFYVE21 14.5 60.4 
ZFYVE26 13.6 72.1 
 
ZFYVE27 14.4 66.7 
 
ZG16 15.7 69.6 
ZHX1 15.3 87.5 
 
ZHX2 13.1 80.7 
 
ZHX3 12.8 59.3 
ZIC3 16.7 71.9 
 
ZIC4 13.2 83.0 
 
ZKSCAN2 14.6 71.0 
ZKSCAN5 13.9 63.4 
 
ZMAT1 14.3 37.9 
 
ZMAT2 25.8 99.5 
ZMAT3 16.5 82.9 
 
ZMAT5 18.4 87.1 
 
ZMIZ1 13.8 82.7 
ZMPSTE24 15.1 80.5 
 
ZMYM1 15.8 46.1 
 
ZMYM3 12.4 93.3 
ZMYM6 14.9 60.5 
 
ZMYND11 17.1 81.8 
 
ZMYND12 14.5 70.8 
ZMYND15 12.1 65.8 
 
ZMYND17 15.0 68.6 
 
ZMYND8 14.3 80.8 
ZNFX1 14.4 78.6 
 
ZNHIT1 19.2 93.6 
 
ZNHIT2 12.2 70.9 
ZNHIT3 15.1 59.7 
 
ZNHIT6 14.4 60.1 
 
ZP2 15.4 42.3 
ZP3 14.1 51.8 
 
ZPLD1 14.4 79.6 
 
ZRANB1 21.1 98.3 
ZRANB2 13.3 91.5 
 
ZRANB3 14.3 51.9 
 
ZSCAN10 12.8 56.9 
ZSCAN2 13.3 61.2 
 
ZSCAN29 13.5 73.0 
 
ZSWIM1 14.3 66.9 
ZSWIM2 15.2 47.3 
 
ZSWIM3 14.0 63.5 
 
ZSWIM4 13.6 80.9 
ZSWIM6 13.3 10.7 
 
ZSWIM7 16.7 65.4 
 
ZUFSP 14.6 72.8 
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ZW10 14.2 79.9 
 
ZWINT 13.9 37.1 
 
ZXDC 12.8 47.1 
ZYG11A 15.8 51.4 
 
ZYG11B 20.2 88.3 
 
ZYX 11.6 62.0 
ZZEF1 13.7 79.7 
 
ZZZ3 16.0 83.5 
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Appendix C – Average Amino Acid Biosynthetic Cost and Number of CpG’s for 
Each Locus Utilized in Chapter Five CpG study. 
Table C.1 – Average cost and number of CpG’s for each locus 
Locus Cost #CpG 
 
Locus Cost #CpG 
 
Locus Cost #CpG 
A1BG 24.4 23 
 
A1CF 25.3 8 
 
A4GNT 28.0 4 
AAAS 25.5 49 
 
AADAC 28.2 8 
 
AAMP 23.9 64 
AANAT 25.8 68 
 
AARS 25.1 54 
 
AASDH 26.9 48 
AASDHPPT 27.0 57 
 
AATF 23.5 84 
 
ABAT 26.3 58 
ABCA3 27.2 113 
 
ABCA7 25.2 52 
 
ABCB11 26.3 5 
ABCB6 26.7 69 
 
ABCB9 26.7 47 
 
ABCC10 25.6 12 
ABCC3 26.9 76 
 
ABCC9 27.4 5 
 
ABCD1 25.6 68 
ABCD2 27.1 22 
 
ABCE1 26.4 45 
 
ABCF2 25.9 64 
ABCG2 27.5 79 
 
ABCG4 27.4 69 
 
ABCG5 27.0 24 
ABCG8 27.3 21 
 
ABHD10 26.5 58 
 
ABHD11 24.5 80 
ABHD3 27.4 75 
 
ABHD4 26.5 39 
 
ABHD6 27.4 79 
ABHD8 24.7 61 
 
ABI2 23.3 86 
 
ABI3BP 24.1 6 
ABLIM3 25.5 59 
 
ABR 26.4 90 
 
ABRA 23.7 17 
ABT1 23.5 51 
 
ABTB1 25.8 102 
 
ABTB2 24.8 86 
ACAD10 25.8 73 
 
ACAD8 25.1 62 
 
ACAD9 25.8 62 
ACADL 25.8 61 
 
ACADS 24.9 65 
 
ACAT1 24.5 66 
ACCN1 25.8 83 
 
ACCS 26.4 66 
 
ACE2 27.2 8 
ACER1 31.1 23 
 
ACER3 32.3 71 
 
ACHE 25.6 90 
ACO1 26.0 71 
 
ACO2 25.3 50 
 
ACOT12 26.0 68 
ACOT2 25.3 23 
 
ACOT8 25.4 38 
 
ACOX1 26.3 71 
ACP2 25.9 46 
 
ACP5 26.8 54 
 
ACPT 25.0 26 
ACR 25.0 12 
 
ACRBP 24.1 54 
 
ACSBG1 25.9 13 
ACSBG2 27.0 11 
 
ACSL1 26.4 106 
 
ACSM3 26.9 9 
ACSS3 26.0 52 
 
ACTA2 25.7 9 
 
ACTC1 25.8 41 
ACTL6B 25.4 61 
 
ACTN1 25.5 73 
 
ACTN4 25.3 85 
ACTR10 26.1 79 
 
ACTR2 26.7 77 
 
ACTR3 26.4 53 
ACTR3B 26.6 79 
 
ACTR6 27.3 66 
 
ACVR1 26.2 19 
ACVR1B 26.5 105 
 
ACVR2A 26.5 108 
 
ACVRL1 25.3 80 
ACY1 25.6 60 
 
ADAM10 25.5 56 
 
ADAM11 24.2 93 
ADAM17 25.3 74 
 
ADAM18 26.8 19 
 
ADAM19 23.8 77 
ADAM2 26.5 29 
 
ADAM23 25.0 98 
 
ADAM28 25.8 8 
ADAM7 26.5 5 
 
ADAM9 25.2 93 
 
ADAMDEC1 25.8 8 
ADAMTS15 24.7 72 
 
ADAMTS16 25.3 97 
 
ADAMTS17 24.4 83 
ADAMTS18 25.4 74 
 
ADAMTS2 24.5 116 
 
ADAMTS5 25.1 60 
ADAMTSL4 22.0 90 
 
ADC 26.0 56 
 
ADCK1 26.9 62 
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ADCK2 25.8 96 
 
ADCK5 26.4 80 
 
ADCY3 26.7 103 
ADCY4 26.9 55 
 
ADCY6 26.3 15 
 
ADCY7 26.7 25 
ADCY8 26.4 67 
 
ADCY9 26.1 144 
 
ADCYAP1 24.1 52 
ADCYAP1R1 29.0 103 
 
ADD1 23.6 103 
 
ADD2 23.7 64 
ADFP 24.2 76 
 
ADH4 26.0 3 
 
ADK 26.0 47 
ADM 24.2 36 
 
ADORA1 29.1 5 
 
ADORA2B 28.0 94 
ADORA3 30.8 10 
 
ADPGK 25.2 83 
 
ADRA1A 27.4 52 
ADRA1B 26.4 62 
 
ADRA2A 25.8 77 
 
ADRBK1 26.5 112 
ADRM1 22.3 110 
 
ADSL 25.6 57 
 
AFAP1L2 23.6 84 
AFF4 22.4 86 
 
AFM 26.5 4 
 
AFP 25.5 1 
AGFG2 22.6 76 
 
AGGF1 23.8 56 
 
AGL 26.8 45 
AGPAT9 27.6 66 
 
AGPS 25.6 74 
 
AGRP 23.0 12 
AGTRAP 27.7 50 
 
AGXT 25.9 20 
 
AGXT2 26.1 11 
AGXT2L2 25.1 79 
 
AHDC1 22.3 67 
 
AHSA1 25.9 49 
AIF1L 25.3 94 
 
AIFM1 24.8 60 
 
AIFM2 25.0 68 
AIMP2 25.6 74 
 
AIP 25.2 53 
 
AIRE 22.3 70 
AK7 25.1 75 
 
AKAP10 24.9 71 
 
AKAP11 24.3 85 
AKAP12 20.2 77 
 
AKAP3 24.5 5 
 
AKAP6 23.6 8 
AKAP8 22.6 98 
 
AKIRIN2 23.5 76 
 
AKR1D1 26.7 5 
AKTIP 26.7 68 
 
ALAS1 24.7 71 
 
ALB 26.0 9 
ALCAM 25.9 56 
 
ALDH16A1 23.6 71 
 
ALDH1A1 26.0 11 
ALDH1A2 25.5 61 
 
ALDH2 25.5 53 
 
ALDH3A1 25.5 20 
ALDH8A1 25.6 7 
 
ALDOC 24.3 30 
 
ALG1 27.2 52 
ALG5 27.7 53 
 
ALG8 31.1 50 
 
ALKBH3 25.4 44 
ALKBH4 24.6 85 
 
ALKBH7 24.0 41 
 
ALLC 25.9 12 
ALOX12 26.2 71 
 
ALOX15 26.4 52 
 
ALPI 24.3 19 
ALPK1 24.8 4 
 
ALS2 25.5 50 
 
AMBP 25.6 19 
AMBRA1 22.9 10 
 
AMDHD1 25.0 61 
 
AMICA1 26.1 4 
AMIGO2 26.7 85 
 
AMMECR1L 25.4 87 
 
AMN1 25.7 65 
AMOTL2 20.7 81 
 
AMT 24.7 25 
 
ANAPC10 25.5 60 
ANAPC5 25.9 48 
 
ANGEL1 25.2 62 
 
ANGPT1 26.1 10 
ANGPTL1 26.8 6 
 
ANGPTL4 24.2 69 
 
ANGPTL6 23.9 14 
ANK1 23.7 50 
 
ANKIB1 24.1 70 
 
ANKMY1 25.9 76 
ANKMY2 25.0 61 
 
ANKRA2 24.5 52 
 
ANKRD10 23.5 87 
ANKRD11 23.0 108 
 
ANKRD12 23.9 95 
 
ANKRD13A 25.2 76 
ANKRD27 24.6 84 
 
ANKRD32 27.1 46 
 
ANKRD33B 22.2 106 
ANKRD40 23.6 55 
 
ANKRD49 24.7 52 
 
ANKRD50 24.1 6 
ANKRD52 24.2 84 
 
ANKRD54 22.1 82 
 
ANKRD9 23.8 131 
ANKS3 23.0 74 
 
ANKS4B 23.5 10 
 
ANLN 23.3 67 
ANO10 28.9 81 
 
ANP32E 21.3 30 
 
ANPEP 26.6 78 
ANTXR1 25.3 57 
 
ANXA1 25.3 1 
 
ANXA11 23.8 78 
ANXA3 25.9 46 
 
AOAH 26.8 8 
 
AP1G2 24.4 21 
AP1M1 27.2 53 
 
AP1M2 27.1 38 
 
AP2B1 25.7 40 
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AP2M1 26.9 62 
 
AP3B1 24.7 54 
 
AP3M2 26.8 88 
AP4B1 25.9 67 
 
AP4E1 26.2 82 
 
APBA2 22.9 18 
APBB1 23.0 77 
 
APC 22.4 37 
 
APC2 21.2 74 
APEH 25.7 71 
 
APEX1 25.6 45 
 
APH1B 30.6 99 
APIP 26.1 78 
 
APITD1 23.4 82 
 
APLF 22.8 74 
APLN 24.5 76 
 
APOA1 24.8 14 
 
APOA5 23.4 20 
APOBEC1 28.8 5 
 
APOC2 25.6 18 
 
APOC3 25.0 9 
APOE 22.8 22 
 
APOH 26.9 15 
 
APPBP2 27.0 62 
APPL1 24.1 91 
 
APPL2 24.4 76 
 
AQP1 26.3 35 
AQP11 28.2 82 
 
AQP2 25.8 29 
 
AQP3 27.5 51 
AQP5 26.8 107 
 
AQP7 27.5 16 
 
AQP8 26.4 18 
AQP9 27.5 9 
 
AQR 26.5 45 
 
ARD1B 23.7 26 
ARF1 27.0 98 
 
ARF3 27.0 59 
 
ARF4 27.2 62 
ARF5 26.8 86 
 
ARF6 27.2 86 
 
ARFGAP3 24.3 93 
ARFGEF1 25.7 100 
 
ARFIP2 24.4 62 
 
ARG2 24.6 65 
ARHGAP1 26.8 40 
 
ARHGAP15 25.9 7 
 
ARHGAP17 22.6 88 
ARHGAP18 24.8 25 
 
ARHGAP20 24.6 82 
 
ARHGAP28 25.6 3 
ARHGAP29 24.7 93 
 
ARHGDIA 25.2 115 
 
ARHGDIB 25.8 17 
ARHGDIG 25.4 111 
 
ARHGEF19 23.6 14 
 
ARHGEF5 22.2 67 
ARHGEF6 24.9 2 
 
ARL10 25.7 80 
 
ARL2 26.4 77 
ARL2BP 27.0 79 
 
ARL6IP5 29.5 41 
 
ARL8B 27.0 66 
ARMC1 24.0 43 
 
ARMC3 25.1 42 
 
ARMC4 24.9 67 
ARMC6 23.6 79 
 
ARMC7 23.9 66 
 
ARNT2 23.5 108 
ARNTL2 24.9 99 
 
ARPC1A 26.6 75 
 
ARPC1B 26.2 80 
ARPC5L 23.8 92 
 
ARRB2 25.6 85 
 
ARRDC2 24.3 93 
ARRDC3 25.5 44 
 
ARRDC4 24.7 80 
 
ARSA 24.4 81 
ARSB 26.5 31 
 
ART4 28.1 14 
 
ARV1 29.0 60 
ARVCF 22.6 104 
 
ASAH1 27.9 76 
 
ASB1 24.9 93 
ASB15 26.2 6 
 
ASB16 23.2 25 
 
ASB17 28.7 4 
ASB3 26.7 73 
 
ASB5 25.8 13 
 
ASB6 25.4 90 
ASCC2 24.9 56 
 
ASCL1 21.3 53 
 
ASF1A 25.1 69 
ASGR1 25.0 20 
 
ASL 25.4 71 
 
ASNS 27.6 57 
ASPA 26.9 7 
 
ASPHD1 23.6 31 
 
ASPHD2 26.5 111 
ASRGL1 23.7 71 
 
ASTE1 26.7 55 
 
ASXL3 22.4 123 
ASZ1 25.5 50 
 
ATAD2 24.1 80 
 
ATAD4 25.2 10 
ATF1 21.9 76 
 
ATF2 22.1 57 
 
ATF7IP 21.7 53 
ATG10 27.0 73 
 
ATG12 24.9 80 
 
ATG3 25.7 74 
ATG4D 25.3 80 
 
ATIC 25.1 53 
 
ATMIN 23.1 88 
ATOH1 21.6 57 
 
ATP10D 26.5 38 
 
ATP13A3 27.5 5 
ATP1B2 27.5 46 
 
ATP1B3 27.9 105 
 
ATP1B4 26.1 13 
ATP2A2 25.8 111 
 
ATP2B1 25.6 5 
 
ATP2B3 25.2 29 
ATP2C2 25.7 72 
 
ATP4A 26.0 17 
 
ATP5A1 24.4 44 
ATP5B 24.0 40 
 
ATP5D 22.8 84 
 
ATP5G3 25.0 7 
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ATP5J 26.4 52 
 
ATP5S 27.1 85 
 
ATP6V0A4 28.0 17 
ATP6V0B 28.2 94 
 
ATP6V0D1 27.5 60 
 
ATP6V0D2 27.5 7 
ATP6V1A 25.7 38 
 
ATP6V1B1 25.2 15 
 
ATP6V1B2 25.0 66 
ATP6V1C2 26.5 98 
 
ATP6V1D 25.4 59 
 
ATP6V1E1 25.1 45 
ATP6V1E2 25.2 6 
 
ATP6V1F 24.9 62 
 
ATP6V1G2 20.5 15 
ATP6V1G3 24.3 2 
 
ATP7B 24.6 65 
 
ATP8A1 27.4 91 
ATP8B3 26.7 71 
 
ATP9B 26.8 111 
 
ATPBD3 22.7 69 
ATPBD4 26.0 72 
 
ATRN 26.0 99 
 
ATXN1 22.3 58 
ATXN10 25.4 70 
 
ATXN7 22.1 69 
 
AURKA 24.8 61 
AVEN 21.1 94 
 
AVPR1A 27.6 5 
 
AXIN1 23.1 127 
AXIN2 23.8 83 
 
AZGP1 26.4 6 
 
B3GALT1 28.8 12 
B3GAT2 25.6 79 
 
B3GAT3 24.5 75 
 
B3GNT2 27.9 83 
B4GALT6 28.9 90 
 
B4GALT7 26.8 88 
 
B9D1 26.1 81 
BAALC 21.3 80 
 
BACH1 23.3 112 
 
BACH2 22.8 114 
BAD 21.6 41 
 
BAG4 22.9 66 
 
BAG5 24.8 109 
BANF1 26.5 51 
 
BARD1 24.7 92 
 
BARHL1 22.4 61 
BARX2 22.9 88 
 
BAT3 21.4 57 
 
BATF 21.9 14 
BATF2 22.2 12 
 
BATF3 21.4 100 
 
BBOX1 27.6 1 
BBS5 26.3 41 
 
BCAM 23.1 52 
 
BCAR1 22.7 91 
BCAR3 24.2 77 
 
BCCIP 24.9 51 
 
BCHE 27.9 6 
BCKDHA 25.2 32 
 
BCKDK 25.6 60 
 
BCL10 23.6 13 
BCL2L1 25.3 43 
 
BCL2L11 23.3 105 
 
BCL3 22.2 76 
BCL6 24.0 12 
 
BCL7B 21.7 62 
 
BCL7C 20.5 99 
BCMO1 27.1 14 
 
BCORL1 22.5 60 
 
BDH2 25.1 11 
BDKRB1 29.2 9 
 
BDKRB2 28.7 34 
 
BEST2 27.1 26 
BET1 27.5 44 
 
BFSP2 22.3 14 
 
BHLHE41 22.6 52 
BHMT 25.3 39 
 
BIN2 21.8 51 
 
BIRC3 25.7 37 
BLK 26.2 13 
 
BLMH 27.2 89 
 
BLNK 23.0 6 
BLOC1S1 24.1 36 
 
BLVRA 25.9 87 
 
BLVRB 24.3 58 
BMP10 25.7 7 
 
BMP3 25.5 75 
 
BMP4 24.9 45 
BMPER 25.3 72 
 
BMPR1A 26.7 115 
 
BMPR1B 26.1 5 
BNIP2 24.7 68 
 
BOD1L 21.3 88 
 
BPI 26.5 23 
BPIL1 25.7 8 
 
BPTF 23.1 109 
 
BRAF 24.8 101 
BRD3 23.1 145 
 
BRD8 22.4 33 
 
BRF2 24.1 38 
BRMS1L 24.5 60 
 
BRP44 28.2 58 
 
BRPF1 23.9 88 
BRSK1 23.5 56 
 
BRUNOL5 24.0 93 
 
BRWD2 26.0 38 
BST1 26.0 53 
 
BST2 24.1 16 
 
BTBD10 24.1 65 
BTBD11 24.7 62 
 
BTBD12 21.8 82 
 
BTBD16 28.0 9 
BTBD3 26.0 74 
 
BTC 24.9 44 
 
BTD 27.3 64 
BTF3L4 23.1 51 
 
BTG2 25.2 78 
 
BTK 26.8 10 
BTN1A1 25.4 18 
 
BUD31 26.9 58 
 
BVES 27.4 61 
BYSL 24.9 51 
 
C1GALT1 27.9 5 
 
C1QB 24.7 17 
C1QBP 24.3 75 
 
C1QL1 23.6 106 
 
C1QL2 23.4 81 
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C1QL3 24.4 38 
 
C1QTNF3 26.3 13 
 
C1QTNF7 24.7 7 
C2CD3 24.9 57 
 
C3 25.6 4 
 
C3AR1 27.3 2 
C6 25.0 5 
 
C8G 24.8 29 
 
C9 25.8 10 
CAB39 27.2 101 
 
CABLES2 23.8 111 
 
CABP2 23.5 28 
CABP5 24.6 13 
 
CABP7 25.8 103 
 
CACHD1 25.5 83 
CACNB3 23.5 78 
 
CACNG1 28.3 39 
 
CACNG2 26.5 62 
CACNG3 26.7 30 
 
CACNG4 26.5 127 
 
CACNG5 28.0 17 
CACNG6 26.1 21 
 
CADM4 24.1 102 
 
CAGE1 24.4 70 
CALB1 26.7 29 
 
CALB2 26.7 60 
 
CALCOCO1 22.5 43 
CALCOCO2 25.1 45 
 
CALHM2 26.7 43 
 
CALR3 27.5 61 
CALY 23.4 69 
 
CAMK1 25.9 47 
 
CAMK1G 25.8 9 
CAMK2N2 23.4 89 
 
CAMP 25.7 13 
 
CAMTA1 24.0 101 
CAND1 25.5 67 
 
CAP2 24.5 17 
 
CAPG 24.9 18 
CAPN1 26.8 60 
 
CAPN13 26.8 8 
 
CAPN5 26.2 81 
CAPN7 26.8 89 
 
CAPNS1 24.8 71 
 
CAPRIN2 23.9 69 
CAPZA1 25.9 47 
 
CARD10 22.7 106 
 
CARHSP1 23.1 68 
CARKD 23.6 92 
 
CASC3 21.2 55 
 
CASD1 29.7 70 
CASP14 24.4 9 
 
CASP2 25.3 72 
 
CASP3 26.7 86 
CASP6 26.6 68 
 
CASP8 25.8 10 
 
CASQ2 26.8 15 
CAT 26.0 60 
 
CATSPER1 26.2 17 
 
CATSPER3 29.1 7 
CAV2 28.1 59 
 
CBFA2T3 22.1 34 
 
CBLB 24.3 73 
CBLC 24.5 52 
 
CBLN1 25.9 114 
 
CBLN3 24.7 42 
CBLN4 26.3 60 
 
CBR1 24.6 59 
 
CBR3 24.3 50 
CBR4 24.9 59 
 
CBX1 24.4 74 
 
CBX2 22.0 120 
CBX5 25.3 45 
 
CBX7 24.6 113 
 
CBX8 22.6 85 
CBY1 23.8 67 
 
CCAR1 23.6 65 
 
CCBL1 27.0 78 
CCBP2 29.2 2 
 
CCDC106 23.8 20 
 
CCDC113 24.9 47 
CCDC115 22.9 43 
 
CCDC116 23.0 37 
 
CCDC117 22.5 69 
CCDC123 23.4 54 
 
CCDC124 22.4 32 
 
CCDC13 22.7 58 
CCDC132 26.2 37 
 
CCDC134 27.0 58 
 
CCDC142 23.7 60 
CCDC21 22.5 76 
 
CCDC27 23.2 21 
 
CCDC44 23.6 52 
CCDC45 24.3 73 
 
CCDC47 25.1 71 
 
CCDC49 23.7 53 
CCDC51 23.5 16 
 
CCDC52 23.0 56 
 
CCDC53 22.7 36 
CCDC55 22.5 45 
 
CCDC58 24.8 29 
 
CCDC59 24.6 52 
CCDC61 22.6 28 
 
CCDC67 24.2 78 
 
CCDC7 24.6 53 
CCDC70 28.4 7 
 
CCDC77 24.6 46 
 
CCDC78 22.6 38 
CCDC8 20.6 48 
 
CCDC82 23.9 6 
 
CCDC83 25.9 65 
CCDC85B 21.0 63 
 
CCDC86 20.7 49 
 
CCDC88A 23.6 78 
CCDC90B 25.6 43 
 
CCDC92 23.3 120 
 
CCDC94 23.2 43 
CCDC96 21.5 105 
 
CCDC97 22.1 56 
 
CCDC99 23.6 46 
CCKAR 27.4 22 
 
CCL19 25.6 8 
 
CCL2 25.7 15 
CCL24 25.8 14 
 
CCL26 28.0 14 
 
CCL3 24.8 7 
CCL4 26.1 8 
 
CCL5 25.9 11 
 
CCL8 26.1 6 
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CCNB2 26.0 54 
 
CCND1 25.1 64 
 
CCND2 25.4 39 
CCNE1 26.0 138 
 
CCNE2 27.2 74 
 
CCNH 26.8 48 
CCNI 26.1 74 
 
CCNT1 24.1 68 
 
CCNT2 24.3 83 
CCPG1 24.6 70 
 
CCR1 30.4 4 
 
CCR5 30.3 5 
CCRL1 29.6 4 
 
CCRN4L 24.9 86 
 
CCS 22.5 56 
CCT5 24.6 54 
 
CCT6B 25.1 63 
 
CCT8 25.1 51 
CD109 26.5 55 
 
CD164 24.5 83 
 
CD180 27.2 6 
CD226 26.7 16 
 
CD2BP2 23.0 56 
 
CD320 22.3 62 
CD34 22.8 33 
 
CD36 27.4 4 
 
CD38 26.3 30 
CD3EAP 21.2 51 
 
CD4 25.8 15 
 
CD44 24.3 38 
CD53 30.0 10 
 
CD6 23.1 21 
 
CD63 27.5 69 
CD68 24.0 9 
 
CD69 26.9 6 
 
CD7 23.2 21 
CD70 24.3 40 
 
CD72 24.5 14 
 
CD79A 25.7 8 
CD80 26.7 8 
 
CD82 28.0 66 
 
CD9 29.1 80 
CD97 26.0 33 
 
CDADC1 25.5 42 
 
CDC123 27.1 56 
CDC20 24.3 65 
 
CDC25A 24.6 79 
 
CDC25B 23.7 52 
CDC27 25.5 61 
 
CDC2L5 22.8 85 
 
CDC34 25.5 121 
CDC37 24.8 66 
 
CDC40 26.2 37 
 
CDC42EP1 21.5 101 
CDC42EP2 23.6 82 
 
CDC42EP3 24.2 84 
 
CDC42EP5 20.7 11 
CDC45L 26.5 58 
 
CDC6 24.6 38 
 
CDC7 25.1 62 
CDCA3 21.2 36 
 
CDCA5 22.7 79 
 
CDCP1 25.5 70 
CDH1 24.7 58 
 
CDH10 25.2 20 
 
CDH11 24.7 67 
CDH12 25.1 1 
 
CDH15 23.6 63 
 
CDH16 24.0 11 
CDH17 25.5 8 
 
CDH18 25.0 5 
 
CDH19 25.5 10 
CDH2 24.5 96 
 
CDH20 25.1 12 
 
CDH3 24.3 48 
CDH6 25.1 54 
 
CDH8 24.9 45 
 
CDH9 25.6 13 
CDIPT 28.5 35 
 
CDK2 27.5 41 
 
CDK2AP1 22.8 73 
CDK2AP2 22.1 82 
 
CDK4 25.4 52 
 
CDK5 26.9 59 
CDK5R1 25.6 119 
 
CDK5R2 23.2 70 
 
CDK6 25.8 65 
CDK7 26.9 50 
 
CDKAL1 25.6 23 
 
CDKL1 27.6 26 
CDKL2 26.3 58 
 
CDKL3 25.9 34 
 
CDKN1A 22.6 69 
CDKN1B 21.4 78 
 
CDKN2AIP 22.3 102 
 
CDKN2B 22.0 68 
CDKN2C 23.3 30 
 
CDO1 26.0 51 
 
CDON 24.5 57 
CDR2 23.5 90 
 
CDRT4 25.4 8 
 
CDT1 22.2 109 
CDX1 23.1 83 
 
CDYL2 25.4 135 
 
CEBPE 22.8 9 
CEBPZ 25.8 67 
 
CELSR1 24.3 128 
 
CELSR2 24.1 89 
CENPC1 24.0 53 
 
CENPH 23.9 53 
 
CENPI 28.2 8 
CENPK 25.5 2 
 
CENPM 25.0 56 
 
CENPO 25.0 63 
CENPT 21.4 47 
 
CEP120 24.4 63 
 
CEP135 23.8 85 
CEP72 22.8 96 
 
CEP76 25.6 82 
 
CES7 27.2 7 
CETN3 25.5 45 
 
CFDP1 22.4 70 
 
CFLAR 26.4 53 
CFP 23.5 12 
 
CFTR 27.5 40 
 
CGN 21.4 74 
CGNL1 22.4 89 
 
CGREF1 20.6 79 
 
CGRRF1 27.1 62 
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CHAC2 27.1 42 
 
CHAD 26.2 66 
 
CHAF1B 24.6 74 
CHCHD3 23.0 56 
 
CHCHD6 22.1 70 
 
CHD1 24.6 7 
CHD5 25.3 108 
 
CHD7 23.7 134 
 
CHEK1 26.7 29 
CHERP 23.1 101 
 
CHI3L1 27.0 12 
 
CHIC2 27.0 89 
CHL1 25.4 49 
 
CHMP2A 23.2 63 
 
CHMP2B 23.6 62 
CHMP4B 23.2 66 
 
CHMP4C 22.8 42 
 
CHMP7 24.0 19 
CHODL 26.1 52 
 
CHPT1 28.9 92 
 
CHRDL2 23.1 76 
CHRM1 26.6 19 
 
CHRM3 27.2 34 
 
CHRNA10 25.9 7 
CHRNA2 27.9 10 
 
CHRNA5 28.1 74 
 
CHRNA6 28.9 7 
CHRNA7 27.3 86 
 
CHRNA9 28.0 12 
 
CHRNB1 26.9 44 
CHRNB3 29.2 11 
 
CHRNB4 27.7 64 
 
CHRND 27.1 23 
CHRNE 26.3 14 
 
CHST1 26.2 97 
 
CHST10 28.8 89 
CHST11 27.6 92 
 
CHST12 27.3 112 
 
CHST14 25.9 77 
CHST2 24.8 75 
 
CHST7 24.2 72 
 
CHSY1 26.5 136 
CHSY3 25.7 101 
 
CHTF18 23.1 113 
 
CIB3 27.0 10 
CILP2 23.6 57 
 
CIRH1A 26.8 103 
 
CISD2 27.1 69 
CKAP2 23.9 72 
 
CKAP2L 24.0 69 
 
CKM 26.0 20 
CKMT2 25.7 31 
 
CKS1B 28.1 56 
 
CLCN2 25.7 83 
CLCN5 28.0 3 
 
CLDN1 27.1 64 
 
CLDN11 27.5 70 
CLDN12 28.9 25 
 
CLDN16 28.0 14 
 
CLDN17 28.1 7 
CLDN18 26.9 36 
 
CLDN8 27.8 10 
 
CLDND2 27.6 15 
CLEC11A 22.8 21 
 
CLEC12A 27.2 1 
 
CLEC1B 28.0 3 
CLEC2D 27.0 6 
 
CLEC3A 25.9 6 
 
CLEC4D 27.0 8 
CLEC4E 27.7 4 
 
CLEC4F 24.2 10 
 
CLEC5A 28.3 3 
CLEC7A 26.2 4 
 
CLN6 30.6 89 
 
CLNS1A 22.9 39 
CLOCK 23.8 10 
 
CLP1 25.5 48 
 
CLPB 24.6 55 
CLPP 24.0 59 
 
CLPS 24.4 10 
 
CLPX 24.0 61 
CLSTN3 25.0 42 
 
CLTA 22.3 69 
 
CLTC 26.4 59 
CMA1 26.1 2 
 
CMAS 25.1 55 
 
CMBL 27.6 33 
CMTM6 27.6 14 
 
CMTM8 29.6 89 
 
CNFN 25.2 25 
CNIH 32.3 75 
 
CNN1 24.9 19 
 
CNN2 24.5 52 
CNOT2 24.5 57 
 
CNOT3 22.9 84 
 
CNOT6 26.6 93 
CNOT8 27.1 74 
 
CNPY2 24.8 50 
 
CNPY4 23.9 42 
CNRIP1 26.6 45 
 
CNTN3 25.3 6 
 
CNTNAP1 26.6 41 
CNTNAP3 25.1 71 
 
COBL 22.2 106 
 
COBLL1 22.8 59 
COCH 25.9 90 
 
COG1 24.9 106 
 
COG7 25.6 60 
COG8 24.7 85 
 
COIL 23.3 55 
 
COL10A1 21.6 8 
COL1A2 19.6 41 
 
COL22A1 20.6 32 
 
COL5A3 20.6 53 
COL6A3 24.2 13 
 
COL8A1 22.3 29 
 
COMMD1 24.9 31 
COMMD10 25.2 59 
 
COMMD5 24.0 88 
 
COMMD7 26.2 21 
COMMD9 24.4 37 
 
COMP 22.7 61 
 
COPA 26.5 54 
COPB1 25.8 43 
 
COPE 24.6 71 
 
COPG 25.3 48 
COPS3 26.4 60 
 
COPS4 25.1 34 
 
COPS6 25.8 66 
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COPS7A 23.8 49 
 
COQ10B 26.8 65 
 
COQ3 26.6 50 
COQ5 26.6 39 
 
COQ9 23.8 73 
 
CORIN 25.2 47 
CORO1A 24.7 85 
 
CORO1C 25.9 83 
 
CORO7 23.9 88 
COX4NB 26.1 97 
 
COX5B 22.7 54 
 
CPA1 27.0 18 
CPA3 28.0 4 
 
CPAMD8 24.7 85 
 
CPB1 27.0 3 
CPE 25.4 61 
 
CPEB2 24.5 105 
 
CPEB3 23.5 79 
CPEB4 24.3 24 
 
CPLX1 22.0 116 
 
CPNE3 26.3 11 
CPNE5 25.5 78 
 
CPNE6 25.0 21 
 
CPPED1 26.4 51 
CPS1 25.8 4 
 
CPSF2 25.5 70 
 
CPSF3 26.2 84 
CPT1B 27.2 57 
 
CPVL 28.1 40 
 
CPXM2 25.4 72 
CRABP1 25.5 59 
 
CRAMP1L 22.2 108 
 
CRBN 25.8 57 
CREB3L1 23.9 46 
 
CREB3L3 22.7 17 
 
CREB3L4 23.1 32 
CREBBP 22.3 125 
 
CREBL2 23.8 52 
 
CRH 22.0 26 
CRHBP 26.4 11 
 
CRHR1 29.3 94 
 
CRHR2 29.6 81 
CRIM1 24.2 100 
 
CRIPT 25.9 50 
 
CRISP3 26.5 2 
CRISPLD1 25.9 63 
 
CRISPLD2 26.0 59 
 
CRP 27.7 8 
CRTAM 25.5 4 
 
CRTC2 22.1 69 
 
CRTC3 22.5 112 
CRX 23.4 22 
 
CRY1 26.6 74 
 
CRYAA 26.2 37 
CRYAB 26.0 17 
 
CRYBA1 26.3 3 
 
CRYBA2 25.3 81 
CRYBB1 25.4 7 
 
CRYBB2 25.2 4 
 
CRYBG3 26.1 8 
CRYGS 27.6 5 
 
CRYM 24.8 6 
 
CSDC2 23.9 25 
CSE1L 27.0 61 
 
CSF1R 25.8 19 
 
CSF2 25.0 13 
CSK 26.7 98 
 
CSNK1G1 26.1 49 
 
CSNK1G2 26.5 133 
CSNK2A1 26.9 45 
 
CSNK2A2 27.8 126 
 
CSPG4 23.5 41 
CSPG5 22.6 14 
 
CSRNP1 22.4 106 
 
CSRNP2 22.6 75 
CSRP3 25.2 6 
 
CST6 24.5 71 
 
CST8 26.7 8 
CSTA 25.4 7 
 
CSTB 25.6 97 
 
CSTF1 25.6 63 
CTBP1 23.9 154 
 
CTCF 23.5 106 
 
CTDP1 21.7 120 
CTDSP1 25.2 79 
 
CTDSPL 25.8 105 
 
CTF1 22.0 41 
CTLA4 27.2 6 
 
CTNND2 23.0 125 
 
CTNS 30.1 80 
CTSD 25.9 97 
 
CTSF 25.5 72 
 
CTSG 24.3 5 
CTSH 27.5 72 
 
CTSK 26.7 7 
 
CTSO 27.2 56 
CTSZ 26.1 81 
 
CTTN 23.9 91 
 
CTTNBP2NL 22.3 49 
CUL3 26.0 95 
 
CUL5 26.9 44 
 
CUL7 24.8 58 
CUX2 22.2 105 
 
CWF19L2 25.0 32 
 
CXADR 25.1 37 
CXCL10 24.8 4 
 
CXCL13 27.2 5 
 
CXCL16 23.5 79 
CXCL5 23.8 38 
 
CXCR4 29.4 54 
 
CXCR5 28.3 18 
CXCR6 30.6 10 
 
CXCR7 30.1 16 
 
CXXC5 22.1 85 
CYBA 25.4 58 
 
CYCS 27.3 75 
 
CYGB 25.1 105 
CYHR1 25.5 74 
 
CYP2E1 27.7 19 
 
CYSLTR2 30.1 5 
CYTH4 26.4 20 
 
CYTIP 24.1 13 
 
CYTL1 26.1 29 
CYTSA 22.6 81 
 
CYYR1 25.8 45 
 
DAB2IP 23.8 14 
DAD1 28.7 46 
 
DAGLB 26.3 71 
 
DAO 26.7 14 
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DAP 21.9 111 
 
DAPK2 26.1 4 
 
DAPK3 25.1 20 
DAPL1 24.7 9 
 
DAPP1 27.1 8 
 
DARS 25.2 58 
DAXX 21.5 61 
 
DBC1 26.8 80 
 
DBF4 25.6 91 
DBNDD1 20.8 106 
 
DBNL 22.6 66 
 
DBR1 25.2 41 
DCI 24.6 98 
 
DCK 27.1 61 
 
DCLK1 25.4 84 
DCLK2 24.4 85 
 
DCN 25.7 4 
 
DCP1A 23.1 62 
DCP1B 23.2 55 
 
DCPS 25.2 51 
 
DCST1 26.9 15 
DCTD 26.5 112 
 
DCTN3 24.7 41 
 
DCTN5 26.3 61 
DCTN6 24.4 49 
 
DCUN1D5 27.6 54 
 
DCXR 24.3 78 
DDAH1 24.3 101 
 
DDB1 25.7 84 
 
DDB2 26.1 43 
DDI1 23.4 32 
 
DDIT4 23.7 67 
 
DDIT4L 26.6 53 
DDX1 25.9 47 
 
DDX18 25.8 49 
 
DDX19A 25.1 58 
DDX19B 25.0 34 
 
DDX23 24.0 52 
 
DDX25 25.9 82 
DDX39 25.8 75 
 
DDX49 25.4 63 
 
DDX5 25.0 67 
DDX54 23.8 84 
 
DDX55 26.1 74 
 
DDX56 25.2 71 
DDX6 25.7 75 
 
DECR1 25.7 60 
 
DEF8 25.2 116 
DEFB1 27.3 14 
 
DEGS2 29.7 96 
 
DEM1 26.0 69 
DENND2A 24.4 107 
 
DENND4A 25.6 85 
 
DENR 24.5 72 
DEPDC1B 27.2 69 
 
DEPDC6 24.9 42 
 
DEPDC7 26.1 79 
DERL1 30.8 68 
 
DERL2 30.5 59 
 
DGAT2 28.2 86 
DGKE 26.7 101 
 
DGKG 25.8 61 
 
DGKH 24.5 87 
DGKI 24.4 84 
 
DGKQ 23.8 110 
 
DGUOK 27.1 48 
DHDH 24.7 45 
 
DHODH 24.3 54 
 
DHPS 25.5 72 
DHRS1 25.2 73 
 
DHRS11 24.1 84 
 
DHRS4 24.2 40 
DHRS7 27.5 61 
 
DHX29 25.4 61 
 
DHX33 25.3 56 
DHX35 25.8 68 
 
DHX37 24.4 41 
 
DHX38 24.3 48 
DHX57 25.1 52 
 
DHX8 25.0 49 
 
DIABLO 24.8 89 
DIP2B 24.8 72 
 
DIP2C 24.9 144 
 
DIRC2 28.4 47 
DISP1 26.7 5 
 
DISP2 25.0 86 
 
DKK2 24.6 39 
DKK4 23.4 17 
 
DLAT 24.0 34 
 
DLD 25.0 43 
DLGAP3 22.6 14 
 
DLL4 24.2 73 
 
DLX2 22.8 62 
DLX3 24.0 41 
 
DLX4 23.8 59 
 
DLX5 23.7 30 
DMC1 25.2 62 
 
DMGDH 26.1 63 
 
DMRTC2 22.4 50 
DMXL1 25.8 72 
 
DNAJA3 24.8 78 
 
DNAJB1 25.1 105 
DNAJB11 25.3 55 
 
DNAJB7 26.1 8 
 
DNAJB9 26.2 61 
DNAJC10 27.5 70 
 
DNAJC12 24.8 4 
 
DNAJC17 22.6 58 
DNAJC18 26.0 44 
 
DNAJC25 27.8 74 
 
DNAJC27 26.3 68 
DNAJC5B 26.0 12 
 
DNAJC5G 26.5 30 
 
DNAJC8 24.3 46 
DNASE1 26.4 14 
 
DNASE1L1 26.0 23 
 
DNHD1 25.1 35 
DNM1L 24.5 52 
 
DNMT3A 24.5 68 
 
DOCK11 26.8 97 
DOCK6 25.0 82 
 
DOHH 22.6 56 
 
DOK1 23.8 50 
DOK2 23.3 11 
 
DONSON 24.9 96 
 
DPEP1 25.5 19 
DPEP3 24.5 40 
 
DPF2 24.1 69 
 
DPH2 23.3 48 
214 
 
DPY19L1 29.4 84 
 
DPY30 23.3 45 
 
DPYSL2 24.7 79 
DPYSL5 25.2 92 
 
DRAP1 22.1 111 
 
DRD5 27.1 71 
DRG2 26.4 52 
 
DSC1 25.1 10 
 
DSC2 25.0 64 
DSCC1 25.7 76 
 
DSG2 24.3 87 
 
DSG3 24.2 12 
DSG4 24.7 7 
 
DTX3L 25.3 46 
 
DUOXA1 26.8 72 
DUS1L 24.9 105 
 
DUS4L 26.3 60 
 
DUSP1 24.7 89 
DUSP11 26.0 39 
 
DUSP14 26.9 111 
 
DUSP16 24.4 71 
DUSP2 24.4 92 
 
DUSP26 26.1 45 
 
DUSP27 22.9 9 
DUSP3 24.9 87 
 
DUSP4 24.3 92 
 
DUSP6 25.2 48 
DYM 26.8 72 
 
DYSF 26.3 61 
 
E2F8 23.6 66 
EAF2 22.7 58 
 
EAPP 23.6 63 
 
EBI3 25.8 19 
ECSIT 24.8 50 
 
ECT2 25.6 48 
 
EDEM1 26.5 96 
EDF1 23.1 98 
 
EDIL3 25.9 64 
 
EDN3 22.6 66 
EED 26.5 63 
 
EEF1A2 25.4 116 
 
EEF1B2 24.7 64 
EEFSEC 24.9 80 
 
EEPD1 24.4 88 
 
EFCAB1 27.4 58 
EFCAB6 26.4 65 
 
EFHB 25.0 12 
 
EFNB1 25.4 59 
EFNB3 23.5 67 
 
EFS 21.5 95 
 
EFTUD1 24.9 71 
EFTUD2 26.0 8 
 
EGFL7 23.2 30 
 
EGFR 25.1 105 
EGLN2 23.0 106 
 
EGLN3 27.1 63 
 
EGR1 22.8 81 
EHBP1 23.6 71 
 
EHBP1L1 20.7 85 
 
EHD2 25.9 47 
EHF 26.9 6 
 
EHHADH 25.4 52 
 
EIF1AD 23.0 51 
EIF1B 25.8 72 
 
EIF2AK2 25.7 63 
 
EIF2AK3 25.1 59 
EIF2B1 26.4 54 
 
EIF2B2 24.8 62 
 
EIF2B5 24.8 61 
EIF2C2 25.7 150 
 
EIF2S1 24.9 57 
 
EIF3D 25.7 66 
EIF3E 27.5 44 
 
EIF3G 24.1 64 
 
EIF3H 25.1 36 
EIF3J 24.4 85 
 
EIF3K 26.8 65 
 
EIF4A1 25.6 61 
EIF4A3 25.8 100 
 
EIF4B 21.9 65 
 
EIF4E 26.2 62 
EIF4E2 25.8 32 
 
EIF4G3 23.6 7 
 
EIF5A2 25.0 68 
EIF5B 23.8 70 
 
ELAC1 25.6 72 
 
ELF1 23.0 4 
ELF2 23.0 3 
 
ELF5 27.8 6 
 
ELK1 22.4 60 
ELK3 24.8 74 
 
ELL2 24.0 59 
 
ELMO1 26.2 40 
ELMO2 26.0 60 
 
ELOVL5 31.7 76 
 
ELOVL7 32.6 4 
ELP3 26.1 41 
 
EMP3 30.5 24 
 
ENC1 26.5 44 
ENDOD1 26.3 102 
 
ENGASE 25.7 96 
 
ENO1 25.3 78 
ENO2 24.9 75 
 
ENOPH1 25.2 87 
 
ENOX1 24.4 95 
ENPEP 26.9 20 
 
ENPP2 27.0 13 
 
ENPP6 28.1 13 
ENTPD3 27.1 48 
 
EOMES 23.8 45 
 
EPAS1 24.6 94 
EPC1 23.9 97 
 
EPC2 23.6 95 
 
EPCAM 25.4 71 
EPDR1 24.5 36 
 
EPHA1 24.7 48 
 
EPHA4 25.6 75 
EPHA8 25.0 122 
 
EPHX1 28.9 79 
 
EPHX3 28.1 75 
EPN1 21.9 104 
 
EPN3 22.7 20 
 
EPO 25.4 71 
EPOR 24.8 32 
 
EPS15L1 23.7 97 
 
EPS8 24.3 85 
EPS8L1 22.5 17 
 
EPSTI1 22.2 44 
 
EPYC 25.2 0 
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ERAL1 24.9 40 
 
ERAP1 27.2 64 
 
ERBB3 24.5 55 
ERC2 23.2 94 
 
ERCC1 24.4 49 
 
ERCC3 25.8 55 
ERCC8 25.5 45 
 
ERLIN2 26.0 76 
 
ERP27 26.1 4 
ERP29 26.3 79 
 
ERP44 26.5 58 
 
ESAM 23.6 67 
ESCO1 24.0 72 
 
ESCO2 25.6 54 
 
ESF1 24.5 56 
ESPL1 24.6 64 
 
ESR1 25.2 47 
 
ETAA1 23.8 56 
ETFA 24.6 60 
 
ETFB 24.1 58 
 
ETFDH 26.4 58 
ETHE1 24.5 49 
 
ETV5 24.4 72 
 
ETV6 24.6 78 
EVC 23.4 76 
 
EVI1 24.2 46 
 
EVPL 22.6 27 
EVX2 21.7 44 
 
EXD1 25.5 56 
 
EXD2 25.1 48 
EXOC2 25.9 78 
 
EXOC3L 23.4 12 
 
EXOC4 25.6 26 
EXOC6 26.7 96 
 
EXOC6B 26.4 58 
 
EXOG 25.6 51 
EXOSC9 24.2 49 
 
EXTL3 26.6 112 
 
F11 26.6 18 
F12 24.3 9 
 
F13A1 26.4 21 
 
F2RL2 30.8 9 
F2RL3 26.0 33 
 
F9 25.8 7 
 
FA2H 28.4 91 
FAAH 25.2 75 
 
FABP1 26.1 11 
 
FABP2 27.2 6 
FABP5 25.4 68 
 
FADS2 30.0 66 
 
FADS3 28.6 108 
FAF2 25.0 61 
 
FAH 26.3 54 
 
FAHD2A 25.6 63 
FAM96B 22.7 77 
 
FANCC 26.5 78 
 
FANCE 23.3 75 
FANCI 26.0 56 
 
FANCL 26.9 54 
 
FANCM 24.8 48 
FAR2 28.3 5 
 
FARS2 27.0 68 
 
FARSA 25.4 47 
FASN 24.7 116 
 
FASTK 24.3 75 
 
FASTKD3 26.9 78 
FAT2 24.9 10 
 
FAU 23.3 65 
 
FBN2 23.9 84 
FBXL12 26.3 76 
 
FBXL13 27.0 41 
 
FBXL15 23.3 53 
FBXL20 25.2 92 
 
FBXL4 26.5 77 
 
FBXL8 23.7 66 
FBXO22 25.5 64 
 
FBXO24 25.7 67 
 
FBXO3 26.3 60 
FBXO30 24.6 101 
 
FBXO31 24.3 109 
 
FBXO32 28.1 87 
FBXO33 25.9 74 
 
FBXO34 24.1 69 
 
FBXO4 26.0 66 
FBXO45 25.1 99 
 
FBXO5 24.8 82 
 
FBXO7 25.2 75 
FBXW11 26.2 69 
 
FBXW7 26.3 15 
 
FBXW8 25.0 76 
FCER1G 27.1 21 
 
FCRLA 24.3 4 
 
FDFT1 27.0 72 
FDXACB1 26.7 40 
 
FECH 25.7 72 
 
FEM1A 24.2 81 
FEM1B 25.6 78 
 
FEM1C 26.1 75 
 
FEN1 24.7 62 
FERD3L 23.2 44 
 
FERMT1 26.8 30 
 
FETUB 24.9 9 
FEZ1 23.4 62 
 
FEZF2 24.8 55 
 
FGD2 24.8 16 
FGD5 22.9 23 
 
FGF10 27.2 27 
 
FGF11 24.9 33 
FGF18 26.3 110 
 
FGF20 25.1 49 
 
FGF23 25.2 18 
FGF4 25.5 89 
 
FGF5 25.3 55 
 
FGF6 26.3 39 
FGF7 27.8 4 
 
FGFBP3 22.2 22 
 
FGFR1OP2 23.1 69 
FGFR4 24.8 67 
 
FGFRL1 24.4 69 
 
FGL1 27.8 3 
FGL2 26.8 15 
 
FHOD3 23.4 96 
 
FIG4 26.4 40 
FIGF 24.8 5 
 
FILIP1 23.3 11 
 
FIS1 26.2 51 
FITM1 28.7 10 
 
FIZ1 22.8 49 
 
FKBP11 25.7 46 
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FKBP14 27.4 36 
 
FKBP15 22.3 65 
 
FKBP2 25.6 66 
FKBP3 26.0 18 
 
FKBP4 25.0 93 
 
FKBP8 23.1 71 
FKBP9 26.3 85 
 
FLCN 24.9 55 
 
FLNB 24.5 75 
FLRT1 25.3 25 
 
FLT3 26.8 93 
 
FLT4 25.2 98 
FLYWCH2 20.4 75 
 
FMO5 27.0 26 
 
FN3K 26.2 95 
FN3KRP 25.9 83 
 
FNDC1 22.6 108 
 
FNDC4 23.2 83 
FNDC8 25.0 6 
 
FNTA 25.6 80 
 
FNTB 26.0 39 
FOLH1 27.1 45 
 
FOLR1 27.7 4 
 
FOLR2 27.3 9 
FOSL1 21.8 80 
 
FOSL2 21.9 91 
 
FOXA1 23.3 98 
FOXA3 24.2 70 
 
FOXG1 23.3 74 
 
FOXI1 24.3 38 
FOXJ2 22.7 91 
 
FOXN1 23.6 19 
 
FOXN4 23.5 50 
FOXRED1 25.6 57 
 
FOXRED2 26.6 70 
 
FRG1 25.8 77 
FRMD3 26.7 94 
 
FRMPD3 22.9 13 
 
FRRS1 27.8 29 
FRS2 23.1 63 
 
FRS3 22.9 8 
 
FSCN3 26.8 9 
FSHB 27.7 4 
 
FST 24.3 104 
 
FSTL1 25.1 74 
FSTL4 25.1 90 
 
FTH1 25.7 91 
 
FUCA2 28.9 59 
FUK 24.5 67 
 
FURIN 24.2 12 
 
FUT1 27.1 9 
FUT9 29.3 55 
 
FUZ 25.1 40 
 
FXYD2 27.6 13 
FXYD6 25.3 64 
 
FZD1 26.7 84 
 
FZD10 27.6 107 
FZD3 27.8 91 
 
FZD4 28.0 86 
 
FZD5 27.0 85 
FZD7 27.6 101 
 
FZR1 24.8 34 
 
G2E3 26.8 60 
G6PC3 29.2 53 
 
GAA 25.7 108 
 
GAB1 23.5 96 
GAB2 23.4 118 
 
GABARAP 28.4 64 
 
GABARAPL1 28.3 48 
GABARAPL2 27.9 71 
 
GABBR2 26.7 115 
 
GABRA1 27.5 19 
GABRA4 26.3 16 
 
GABRA6 27.8 8 
 
GABRG1 29.0 17 
GABRP 28.6 11 
 
GAD2 26.7 72 
 
GADD45B 23.5 77 
GADD45G 23.1 60 
 
GADL1 26.8 41 
 
GAL 24.3 85 
GAL3ST2 27.0 26 
 
GAL3ST3 25.4 43 
 
GALC 28.3 36 
GALE 25.7 77 
 
GALK1 23.3 66 
 
GALM 25.8 26 
GALNS 26.2 84 
 
GALNT1 26.9 1 
 
GALNT7 27.0 63 
GALNTL4 26.3 76 
 
GALR1 28.7 82 
 
GALR3 25.8 21 
GAMT 26.3 86 
 
GAN 26.2 89 
 
GAP43 18.7 15 
GAPDH 25.8 38 
 
GAPDHS 24.7 41 
 
GAR1 23.7 47 
GAS1 22.4 100 
 
GAS2 25.4 4 
 
GAS2L2 22.6 24 
GATA5 22.6 98 
 
GATAD1 24.6 63 
 
GATC 23.8 74 
GBX2 22.9 110 
 
GC 25.4 2 
 
GCAT 24.7 68 
GCDH 24.8 50 
 
GCHFR 25.9 71 
 
GCLC 26.2 78 
GCNT2 28.1 15 
 
GDAP1 26.2 48 
 
GDF10 24.3 98 
GDF15 23.3 33 
 
GDF2 25.2 25 
 
GDF7 22.4 84 
GEMIN6 25.1 38 
 
GEMIN7 23.4 57 
 
GFAP 22.9 25 
GFER 24.1 107 
 
GFM2 25.0 47 
 
GFRA2 24.4 77 
GFRA3 24.8 58 
 
GFRA4 23.0 21 
 
GGA2 24.5 73 
GGA3 23.6 77 
 
GGCX 27.9 56 
 
GGNBP2 24.6 76 
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GGPS1 27.2 49 
 
GGT1 24.7 16 
 
GHDC 23.7 14 
GHR 25.3 58 
 
GHRH 25.0 12 
 
GIF 25.6 4 
GIGYF1 22.2 18 
 
GIMAP1 24.6 9 
 
GIMAP4 24.2 9 
GIMAP7 25.8 7 
 
GIMAP8 25.1 25 
 
GINS1 26.3 54 
GINS4 24.9 63 
 
GIPR 27.1 17 
 
GJA1 27.0 7 
GJA3 24.6 98 
 
GJA5 26.2 13 
 
GJA8 25.1 7 
GJD2 26.3 55 
 
GLA 27.1 40 
 
GLCCI1 21.1 72 
GLCE 27.4 71 
 
GLE1 24.8 50 
 
GLI1 22.2 38 
GLIPR1 28.3 15 
 
GLIPR1L1 28.3 28 
 
GLIS1 23.0 15 
GLIS2 23.9 34 
 
GLOD4 25.9 80 
 
GLP2R 28.3 21 
GLRA2 28.0 22 
 
GLRB 27.8 70 
 
GLRX 24.8 9 
GLT1D1 24.6 88 
 
GLT25D1 26.1 91 
 
GLT8D1 27.3 94 
GLT8D3 27.8 97 
 
GLUD1 25.5 106 
 
GLUL 25.7 80 
GMCL1 26.5 74 
 
GMEB2 23.2 21 
 
GMIP 22.8 46 
GMNN 22.6 58 
 
GMPPA 25.3 38 
 
GMPR 25.4 77 
GNA11 27.2 131 
 
GNA12 26.7 112 
 
GNA15 26.7 34 
GNAI2 26.3 70 
 
GNAL 26.7 72 
 
GNAO1 26.2 112 
GNAQ 26.8 124 
 
GNAT1 26.8 10 
 
GNB2 25.4 72 
GNB3 25.6 11 
 
GNB4 25.5 98 
 
GNG11 23.5 36 
GNG3 24.8 14 
 
GNG8 24.4 39 
 
GNGT1 24.4 6 
GNGT2 24.6 15 
 
GNPDA1 27.5 62 
 
GNPDA2 27.6 58 
GNPNAT1 26.9 73 
 
GNPTAB 26.5 87 
 
GNPTG 24.6 102 
GNRH1 24.5 4 
 
GNRHR 30.2 6 
 
GNS 26.8 64 
GOLGA3 21.7 79 
 
GOLGA5 23.1 73 
 
GOLGA7 25.3 72 
GOLPH3 24.6 91 
 
GOLPH3L 25.6 17 
 
GOLT1A 32.9 36 
GOLT1B 32.0 53 
 
GOPC 23.6 61 
 
GORASP2 23.0 19 
GOSR1 25.3 40 
 
GOT1L1 27.3 12 
 
GOT2 26.1 51 
GP2 25.2 10 
 
GP9 25.3 17 
 
GPATCH1 23.4 44 
GPBP1L1 23.3 68 
 
GPC1 24.1 117 
 
GPC2 23.8 56 
GPD1 25.3 14 
 
GPD1L 25.7 74 
 
GPER 27.9 41 
GPHA2 24.3 15 
 
GPKOW 22.5 53 
 
GPLD1 26.6 12 
GPM6A 28.8 51 
 
GPR101 26.2 52 
 
GPR108 27.6 65 
GPR115 27.3 8 
 
GPR116 26.7 20 
 
GPR119 28.4 13 
GPR133 27.4 26 
 
GPR146 27.4 42 
 
GPR15 29.4 9 
GPR151 27.7 10 
 
GPR152 25.0 23 
 
GPR155 27.9 66 
GPR161 27.2 18 
 
GPR171 30.3 4 
 
GPR172B 25.6 39 
GPR176 26.8 72 
 
GPR177 29.6 39 
 
GPR182 28.4 13 
GPR22 28.4 5 
 
GPR37 25.7 61 
 
GPR45 28.3 24 
GPR50 26.0 20 
 
GPR6 25.9 61 
 
GPR61 26.3 11 
GPR65 29.8 5 
 
GPR77 26.3 28 
 
GPR83 29.0 65 
GPR84 27.0 6 
 
GPR87 29.9 7 
 
GPRC5A 28.7 40 
GPRC5B 28.0 81 
 
GPRC5D 28.5 19 
 
GPSM2 24.8 76 
GPSN2 30.4 64 
 
GRAP 26.8 12 
 
GRB14 26.0 59 
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GRB7 24.8 30 
 
GREM1 23.9 98 
 
GRIK4 26.2 22 
GRIK5 25.5 14 
 
GRIN2C 25.2 73 
 
GRIN3B 24.4 98 
GRINA 27.2 96 
 
GRM1 25.9 44 
 
GRM6 25.1 104 
GRN 23.2 39 
 
GRPEL1 24.2 76 
 
GSDMA 24.9 9 
GSDMC 26.4 2 
 
GSDMD 23.9 57 
 
GSK3A 24.3 97 
GSR 25.1 87 
 
GSS 24.4 55 
 
GSTA3 27.0 4 
GSTM1 29.0 52 
 
GSTM3 28.2 58 
 
GSTT1 27.2 40 
GSTZ1 25.2 79 
 
GSX1 23.1 83 
 
GTF2A1 21.8 76 
GTF2E1 23.8 40 
 
GTF2H1 25.5 58 
 
GTF2H2 25.8 48 
GTF2H3 26.6 56 
 
GTF2H4 26.3 46 
 
GTF2IRD2 26.2 11 
GTF3C2 24.6 58 
 
GTPBP1 24.0 59 
 
GTPBP2 24.6 64 
GTSF1 24.7 23 
 
GUCA1A 25.8 6 
 
GUCA1B 26.9 16 
GUCY1A3 26.1 50 
 
GUCY2C 27.6 10 
 
GUCY2D 24.5 44 
GUCY2F 26.7 8 
 
GUF1 25.8 52 
 
GYS2 27.0 6 
GZMB 25.9 4 
 
GZMK 26.4 10 
 
H3F3B 24.1 76 
HAAO 25.5 59 
 
HACE1 25.8 70 
 
HADH 26.0 71 
HAL 25.3 10 
 
HAND1 23.6 48 
 
HAPLN1 27.7 23 
HAPLN2 25.6 10 
 
HARS 25.6 53 
 
HARS2 26.1 55 
HAS2 29.6 24 
 
HAS3 28.8 56 
 
HAUS1 24.5 45 
HAUS2 26.2 63 
 
HAUS5 23.4 50 
 
HBEGF 25.4 78 
HBP1 25.0 58 
 
HBXIP 22.0 50 
 
HCFC1 22.2 83 
HCFC2 25.2 76 
 
HCRT 22.3 15 
 
HDC 26.1 12 
HDHD2 25.0 68 
 
HDHD3 25.2 29 
 
HEATR3 24.4 76 
HEATR5B 24.8 69 
 
HEBP1 26.0 78 
 
HEBP2 24.4 87 
HECTD2 27.1 110 
 
HEG1 22.8 110 
 
HELB 25.5 44 
HEMGN 22.9 4 
 
HEMK1 25.2 53 
 
HEPACAM 23.8 6 
HERC2 24.7 93 
 
HERC3 26.9 2 
 
HERC5 27.0 85 
HERPUD1 24.3 81 
 
HERPUD2 24.1 76 
 
HES6 21.5 97 
HESX1 25.0 8 
 
HEXA 27.7 32 
 
HEXIM2 21.0 49 
HGF 26.5 13 
 
HHEX 23.7 110 
 
HHIP 25.8 73 
HIBADH 25.0 67 
 
HIC2 22.9 109 
 
HIF1AN 26.5 37 
HIF3A 23.1 36 
 
HIGD1B 25.6 8 
 
HIGD2A 24.6 61 
HINT1 25.3 34 
 
HINT2 23.1 64 
 
HINT3 25.5 64 
HIP1R 23.3 107 
 
HIPK4 25.0 19 
 
HIRIP3 20.7 73 
HIVEP2 23.2 6 
 
HK2 25.6 75 
 
HK3 23.7 13 
HLTF 25.8 61 
 
HMBOX1 23.3 38 
 
HMBS 24.0 44 
HMCN1 24.6 43 
 
HMGA1 19.3 76 
 
HMGB2 23.9 57 
HMGCLL1 24.8 45 
 
HMGCR 25.5 67 
 
HMOX1 25.2 42 
HMOX2 25.7 63 
 
HN1L 21.2 101 
 
HNF1A 22.3 31 
HNF1B 23.0 34 
 
HNMT 27.2 11 
 
HNRNPA0 23.5 75 
HNRNPH3 24.7 69 
 
HNRNPL 24.1 86 
 
HNRNPR 24.4 90 
HNRNPUL2 23.6 102 
 
HNRPDL 24.1 100 
 
HOOK2 22.3 62 
HOOK3 23.6 124 
 
HOXA10 22.2 78 
 
HOXA2 23.1 37 
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HOXA5 23.1 54 
 
HOXA7 24.0 66 
 
HOXB1 22.7 34 
HOXB3 22.3 19 
 
HOXB7 24.2 58 
 
HOXB9 24.0 75 
HOXC12 23.5 50 
 
HOXC13 24.0 59 
 
HOXC4 23.2 28 
HOXD10 23.9 49 
 
HOXD11 22.7 101 
 
HP1BP3 23.3 106 
HPCAL1 26.6 100 
 
HPRT1 27.2 79 
 
HPS6 23.9 82 
HPSE 27.4 62 
 
HRASLS 27.3 88 
 
HRC 20.3 19 
HRH2 27.8 15 
 
HRH4 29.2 5 
 
HRSP12 24.4 54 
HS1BP3 22.7 72 
 
HS3ST1 27.0 33 
 
HS3ST2 26.2 92 
HS3ST3A1 25.4 77 
 
HSCB 26.0 56 
 
HSD11B1 27.3 8 
HSD17B1 23.9 22 
 
HSD17B10 23.5 51 
 
HSD17B12 27.5 66 
HSD17B14 23.5 31 
 
HSD17B2 27.9 9 
 
HSD17B4 25.7 42 
HSD17B7 26.7 52 
 
HSD3B7 26.2 28 
 
HSF2BP 25.2 85 
HSH2D 23.1 21 
 
HSPA12B 24.6 70 
 
HSPA2 24.4 73 
HSPA4L 25.1 83 
 
HSPA8 24.6 62 
 
HSPA9 23.6 68 
HSPB1 24.1 54 
 
HSPB2 23.1 19 
 
HSPB3 25.4 18 
HSPB8 24.3 31 
 
HSPBAP1 25.6 47 
 
HSPBP1 22.5 50 
HTR1D 27.8 7 
 
HTR2B 28.1 6 
 
HTR3B 27.6 7 
HTR5A 28.4 47 
 
HTR6 25.6 89 
 
HTR7 27.6 106 
HTRA4 24.4 48 
 
HUNK 24.9 102 
 
HUS1 26.3 64 
HUWE1 23.6 61 
 
HYAL1 26.2 13 
 
IAPP 25.7 4 
IARS2 26.3 57 
 
IBSP 21.9 5 
 
IBTK 25.9 61 
ICAM1 23.6 58 
 
ICAM2 25.8 26 
 
ICAM5 22.3 62 
IDE 27.2 80 
 
IDH3A 25.3 73 
 
IDH3G 24.6 86 
IDO1 26.6 4 
 
IER2 21.4 56 
 
IER3 22.9 54 
IFIH1 25.5 45 
 
IFNAR1 27.2 77 
 
IFNG 27.7 8 
IFNGR2 27.0 48 
 
IFRD1 25.4 7 
 
IFT172 26.0 43 
IFT57 24.8 44 
 
IFT81 25.0 75 
 
IGF1R 26.0 111 
IGF2BP1 23.7 65 
 
IGF2BP3 23.9 37 
 
IGFBP3 23.4 99 
IGFBP4 22.6 95 
 
IGFBP5 23.9 29 
 
IGFBP6 20.6 45 
IGFBP7 22.4 99 
 
IGHMBP2 23.3 71 
 
IGLON5 24.5 76 
IGSF10 25.2 10 
 
IGSF2 25.8 3 
 
IHH 25.1 95 
IKZF4 23.3 11 
 
IL10RA 24.6 70 
 
IL10RB 27.3 58 
IL12A 25.4 51 
 
IL12B 26.4 8 
 
IL12RB2 26.0 40 
IL13 25.9 12 
 
IL13RA2 29.1 21 
 
IL16 22.4 12 
IL17B 24.6 27 
 
IL17RB 26.6 89 
 
IL17RD 25.7 70 
IL17RE 25.9 12 
 
IL18 26.4 13 
 
IL18BP 24.3 8 
IL18R1 27.5 0 
 
IL19 26.6 5 
 
IL1A 26.2 13 
IL1B 26.3 5 
 
IL1R1 27.6 6 
 
IL1RAP 27.6 71 
IL1RAPL1 27.0 9 
 
IL1RL1 27.1 4 
 
IL1RL2 27.4 25 
IL2 27.2 2 
 
IL21 25.1 6 
 
IL22RA1 24.4 17 
IL23A 24.4 9 
 
IL24 27.5 6 
 
IL27RA 25.2 37 
IL2RB 25.1 20 
 
IL2RG 26.8 10 
 
IL3 25.6 20 
IL4 26.4 10 
 
IL5 26.4 8 
 
IL5RA 27.1 12 
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IL7R 26.2 2 
 
IL9R 24.9 7 
 
ILDR1 25.0 46 
ILDR2 24.5 80 
 
ILK 25.9 72 
 
ILKAP 23.8 92 
ILVBL 24.8 54 
 
IMMP1L 27.2 44 
 
IMP3 26.1 28 
IMPA2 24.5 89 
 
IMPAD1 25.2 69 
 
IMPG2 24.8 3 
INCENP 21.6 50 
 
ING2 23.8 90 
 
ING5 25.1 117 
INHA 24.1 15 
 
INHBA 24.6 6 
 
INHBC 24.3 9 
INHBE 24.5 8 
 
INMT 25.6 9 
 
INO80B 21.8 39 
INO80E 23.2 70 
 
INPP4B 25.7 3 
 
INPPL1 24.1 75 
INSIG2 27.9 60 
 
INSM2 21.9 84 
 
INTS12 22.8 8 
INTS6 25.3 83 
 
INVS 23.9 54 
 
IPO8 26.7 65 
IPPK 26.3 76 
 
IQCB1 25.8 54 
 
IQGAP1 25.6 79 
IRAK2 24.7 72 
 
IRAK3 26.3 79 
 
IRF1 24.7 97 
IRF2BP1 22.4 88 
 
IRF3 24.8 53 
 
IRF8 25.0 84 
IRGQ 21.6 45 
 
IRS1 22.1 90 
 
IRX4 22.8 87 
IRX6 22.6 55 
 
ISCU 24.5 69 
 
ISG20 24.8 25 
ISG20L2 24.8 68 
 
ISL1 24.2 67 
 
ISLR 24.5 17 
ISM1 24.6 102 
 
ITFG3 24.8 84 
 
ITGA1 25.9 45 
ITGA2 25.7 69 
 
ITGA2B 24.7 6 
 
ITGA5 24.9 50 
ITGA6 25.6 81 
 
ITGA7 24.8 61 
 
ITGA9 26.0 103 
ITGB1 25.1 108 
 
ITGB2 24.8 27 
 
ITGB3 24.9 94 
ITGB4 24.3 81 
 
ITGB5 25.2 107 
 
ITGB6 24.9 9 
ITGB7 23.4 7 
 
ITGB8 25.8 60 
 
ITIH1 25.4 12 
ITIH4 24.7 18 
 
ITIH5 25.2 74 
 
ITPK1 24.8 103 
ITPKA 23.3 95 
 
ITPKB 22.7 82 
 
ITPKC 23.3 80 
ITPRIP 26.0 16 
 
IWS1 20.9 64 
 
JAG1 24.3 69 
JAGN1 29.7 53 
 
JAKMIP1 23.2 95 
 
JAKMIP2 23.6 20 
JAM3 25.2 52 
 
JAZF1 24.1 67 
 
JMJD6 25.7 92 
JOSD1 26.6 100 
 
JPH3 23.5 121 
 
JSRP1 20.1 18 
JTB 25.4 71 
 
JUB 22.7 57 
 
JUNB 22.7 68 
JUND 21.5 127 
 
JUP 24.3 72 
 
KARS 26.1 69 
KAT2B 25.6 59 
 
KATNB1 24.5 9 
 
KBTBD10 26.6 7 
KBTBD2 26.9 116 
 
KCNA1 26.9 63 
 
KCNA5 24.6 59 
KCNA6 25.7 80 
 
KCNA7 26.5 86 
 
KCNAB2 25.8 19 
KCNAB3 24.4 61 
 
KCND1 25.2 20 
 
KCNE2 27.9 7 
KCNE3 26.5 51 
 
KCNE4 23.6 23 
 
KCNF1 26.8 81 
KCNG3 27.3 102 
 
KCNG4 26.3 10 
 
KCNH2 24.7 102 
KCNH3 24.5 109 
 
KCNH6 25.7 60 
 
KCNIP3 26.2 18 
KCNJ13 26.9 2 
 
KCNJ16 27.6 5 
 
KCNJ2 26.7 60 
KCNJ3 26.6 57 
 
KCNJ8 26.3 48 
 
KCNK3 26.4 95 
KCNK6 26.4 74 
 
KCNK9 27.2 96 
 
KCNMB1 27.3 13 
KCNN3 25.0 24 
 
KCNN4 27.1 16 
 
KCNQ1 26.1 104 
KCNRG 26.3 7 
 
KCNS1 25.6 40 
 
KCNS2 27.6 111 
KCNS3 27.2 104 
 
KCNV1 26.8 45 
 
KCTD13 24.6 78 
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KCTD5 24.9 65 
 
KCTD7 26.1 89 
 
KCTD9 25.2 60 
KDELR2 32.1 72 
 
KDELR3 32.0 64 
 
KDR 25.7 69 
KEAP1 25.2 78 
 
KERA 26.9 3 
 
KIF11 24.5 61 
KIF18A 25.0 38 
 
KIF20B 24.6 51 
 
KIF22 23.4 75 
KIF23 24.2 78 
 
KIF27 24.2 81 
 
KIF2B 25.3 28 
KIF5A 24.0 53 
 
KIF5B 23.9 75 
 
KIF9 25.3 26 
KLF1 23.0 15 
 
KLF10 23.6 74 
 
KLF11 23.2 132 
KLF13 21.5 120 
 
KLF14 21.3 112 
 
KLF15 23.0 110 
KLF3 24.5 102 
 
KLF7 24.3 36 
 
KLHDC2 27.1 47 
KLHL10 27.0 15 
 
KLHL13 26.9 9 
 
KLHL18 25.3 75 
KLHL20 24.9 38 
 
KLHL24 26.6 56 
 
KLHL26 25.1 65 
KLHL3 25.3 12 
 
KLHL5 25.4 114 
 
KLHL8 25.7 69 
KLK1 25.7 15 
 
KLK13 25.2 45 
 
KLK14 24.2 16 
KLK6 25.1 23 
 
KLK7 25.0 28 
 
KLK8 24.4 12 
KLK9 26.0 15 
 
KLKB1 26.6 6 
 
KLRAQ1 24.4 65 
KLRK1 28.8 2 
 
KNG1 25.3 5 
 
KPNA3 24.8 76 
KPNB1 24.8 71 
 
KREMEN2 23.6 60 
 
KRI1 23.5 91 
KRR1 25.7 43 
 
KRT17 23.2 30 
 
KRT2 22.9 18 
KRT20 23.8 22 
 
KRT24 22.7 11 
 
KRT27 23.2 13 
KRT31 23.0 19 
 
KRT32 23.0 15 
 
KRT33A 23.0 18 
KRT33B 23.2 14 
 
KRT34 23.3 13 
 
KRT73 24.1 16 
KRT74 23.6 13 
 
KRT78 23.2 22 
 
KRT8 23.7 27 
KRT82 24.1 16 
 
KRT83 23.5 35 
 
KRT84 23.7 12 
KRT85 23.5 31 
 
KRT86 23.4 50 
 
KRTCAP2 28.1 50 
KTELC1 28.5 48 
 
KYNU 27.0 2 
 
L2HGDH 25.5 75 
L3MBTL2 26.0 41 
 
LACTB 25.7 62 
 
LACTB2 26.2 72 
LALBA 28.3 7 
 
LAMA3 24.5 85 
 
LAMA5 23.5 100 
LAMC1 23.5 103 
 
LAMC2 23.1 35 
 
LAMP3 23.7 69 
LANCL1 28.0 44 
 
LANCL2 26.3 54 
 
LAP3 25.1 91 
LAPTM4A 29.8 38 
 
LAPTM4B 26.4 69 
 
LAPTM5 28.9 18 
LARP6 23.5 105 
 
LARS2 26.5 47 
 
LASS2 30.2 93 
LASS3 31.4 70 
 
LASS4 29.0 94 
 
LASS6 29.9 72 
LATS1 24.0 69 
 
LBP 26.4 13 
 
LBR 28.5 108 
LCA5L 24.3 81 
 
LCAT 27.3 19 
 
LCLAT1 30.2 67 
LCN2 27.7 10 
 
LCP2 23.5 13 
 
LCT 26.9 17 
LDB2 25.5 13 
 
LDB3 22.7 24 
 
LDHAL6B 26.6 36 
LDHC 26.4 37 
 
LEAP2 25.6 5 
 
LECT2 25.6 5 
LEF1 23.6 72 
 
LEMD2 24.6 79 
 
LEMD3 23.8 72 
LENG1 21.1 62 
 
LEO1 20.5 58 
 
LEP 26.9 55 
LETM1 24.5 115 
 
LETM2 24.9 58 
 
LETMD1 28.4 44 
LGALS12 26.6 21 
 
LGALS3 24.0 77 
 
LGALS3BP 26.4 19 
LGALS4 26.6 23 
 
LGI4 25.8 16 
 
LGTN 24.9 51 
LHB 25.1 19 
 
LHCGR 27.9 44 
 
LHFPL4 28.5 72 
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LHX1 24.0 65 
 
LHX4 24.3 74 
 
LHX5 24.0 59 
LHX8 24.0 25 
 
LIAS 25.7 52 
 
LIF 26.4 48 
LIFR 26.1 9 
 
LIMD1 23.3 26 
 
LIMD2 25.8 121 
LIN28 23.5 40 
 
LIN7A 23.1 38 
 
LIN7B 22.8 75 
LIN7C 23.1 52 
 
LINGO2 26.8 1 
 
LIPC 26.7 13 
LIPE 23.3 8 
 
LIPF 28.5 2 
 
LIPG 26.8 44 
LIPH 27.0 8 
 
LIX1 25.2 7 
 
LMAN1 25.2 67 
LMAN1L 24.3 14 
 
LMAN2 27.1 52 
 
LMAN2L 27.3 44 
LMBRD2 28.9 75 
 
LMCD1 25.2 51 
 
LMF1 28.6 84 
LMF2 27.4 74 
 
LMNB1 22.8 90 
 
LNPEP 27.5 73 
LNX1 24.5 14 
 
LOH12CR1 23.4 62 
 
LONP2 24.8 63 
LOX 24.8 51 
 
LOXL3 24.8 43 
 
LOXL4 24.8 75 
LPCAT1 25.4 106 
 
LPCAT2 26.1 49 
 
LPCAT3 30.9 75 
LPCAT4 25.2 71 
 
LPIN1 24.5 81 
 
LPIN2 24.6 20 
LPL 26.4 15 
 
LPP 23.5 10 
 
LRCH4 22.5 72 
LRFN4 23.4 82 
 
LRFN5 25.2 26 
 
LRG1 25.1 12 
LRGUK 25.7 39 
 
LRIG1 24.4 102 
 
LRP12 24.4 94 
LRP6 25.6 73 
 
LRPAP1 24.9 72 
 
LRRC14 24.9 121 
LRRC18 26.5 16 
 
LRRC2 26.7 16 
 
LRRC23 24.5 31 
LRRC28 26.8 79 
 
LRRC3 25.0 78 
 
LRRC32 24.7 80 
LRRC4 26.0 70 
 
LRRC45 22.2 70 
 
LRRC48 25.8 44 
LRRC49 26.0 47 
 
LRRC4C 26.0 26 
 
LRRC52 27.2 11 
LRRC58 24.2 95 
 
LRRC7 24.1 15 
 
LRRC8A 28.1 55 
LRRC8E 26.7 54 
 
LRRN3 26.5 9 
 
LRRTM1 26.3 52 
LRSAM1 23.6 66 
 
LSG1 24.5 54 
 
LSM1 24.8 69 
LSM12 23.6 64 
 
LSM3 24.3 67 
 
LSM6 26.3 52 
LSM8 23.6 68 
 
LSP1 20.8 29 
 
LTA4H 26.8 50 
LTBP2 22.4 88 
 
LTBR 23.2 58 
 
LTC4S 27.9 17 
LTF 25.2 23 
 
LUC7L 22.5 73 
 
LUM 27.2 7 
LXN 26.0 27 
 
LY6D 23.1 28 
 
LY75 27.7 68 
LY86 26.9 15 
 
LY96 29.0 9 
 
LYN 26.9 79 
LYPD3 22.5 27 
 
LYSMD2 21.9 38 
 
LYVE1 25.4 11 
LYZL6 28.3 6 
 
LZTR1 26.0 68 
 
LZTS1 22.9 28 
M6PR 26.1 53 
 
MACROD1 25.2 101 
 
MAD2L1 26.6 59 
MAD2L2 26.6 97 
 
MADCAM1 21.8 42 
 
MAEA 25.2 93 
MAGED2 23.1 34 
 
MAK 25.8 54 
 
MAL 29.9 69 
MAL2 28.5 100 
 
MALL 31.4 8 
 
MAN2A1 27.2 70 
MAN2B2 25.8 62 
 
MANBA 27.8 64 
 
MAP1LC3B 26.4 70 
MAP2K1 24.9 77 
 
MAP2K2 24.6 89 
 
MAP3K10 23.2 94 
MAP3K11 23.1 42 
 
MAP3K7IP1 23.4 64 
 
MAP3K7IP2 22.9 88 
MAP3K7IP3 22.4 9 
 
MAP3K8 25.8 83 
 
MAP4K2 25.0 87 
MAP4K3 25.7 88 
 
MAPK1 27.2 115 
 
MAPK10 26.0 15 
MAPK12 26.5 85 
 
MAPK13 27.2 65 
 
MAPK14 26.7 72 
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MAPK3 26.2 76 
 
MAPK7 22.8 41 
 
MAPK8IP1 22.7 86 
MAPKAP1 25.3 61 
 
MAPKAPK5 25.6 86 
 
MAPKBP1 23.1 61 
MAPRE2 24.5 53 
 
MAPRE3 25.7 80 
 
10-Mar 22.8 58 
3-Mar 26.0 76 
 
6-Mar 27.9 98 
 
7-Mar 22.2 73 
MARK4 23.5 80 
 
MARS 25.8 46 
 
MARS2 26.4 82 
MARVELD3 23.1 76 
 
MAS1 29.9 13 
 
MAST3 23.3 49 
MAT2A 25.5 99 
 
MATK 25.1 93 
 
MATN3 23.7 86 
MBD1 22.8 80 
 
MBD3 23.6 119 
 
MBOAT2 28.8 116 
MC4R 29.0 11 
 
MCAM 23.7 73 
 
MCAT 24.6 84 
MCCC1 24.9 49 
 
MCEE 24.6 63 
 
MCHR1 26.9 12 
MCM3 24.4 57 
 
MCM3AP 24.1 11 
 
MCM4 24.2 93 
MCM5 25.0 60 
 
MCM6 24.8 77 
 
MCM7 24.5 61 
MCOLN1 27.4 70 
 
MCOLN3 29.1 93 
 
MCTP1 25.3 6 
MDFI 21.3 75 
 
MDGA1 24.7 67 
 
MEA1 20.6 62 
MECP2 22.0 98 
 
MECR 24.5 52 
 
MED1 23.1 41 
MED11 22.9 48 
 
MED13L 24.4 122 
 
MED15 21.3 57 
MED17 24.8 52 
 
MED20 25.7 49 
 
MED21 22.3 45 
MED25 22.5 63 
 
MED26 22.0 108 
 
MED27 26.1 38 
MED28 22.8 43 
 
MED30 24.0 56 
 
MED31 27.9 52 
MED6 25.7 42 
 
MED9 21.9 56 
 
MEGF10 24.2 55 
MELK 26.8 67 
 
MEMO1 26.4 87 
 
MEOX2 22.6 38 
MEP1B 26.5 2 
 
MEPCE 22.7 74 
 
MERTK 25.6 66 
MESDC1 22.2 90 
 
MESDC2 24.6 62 
 
METT10D 25.0 42 
METTL3 24.3 46 
 
METTL5 26.8 55 
 
MFGE8 26.4 65 
MFI2 24.7 74 
 
MFSD6 26.2 5 
 
MGA 23.6 78 
MGAT2 27.6 78 
 
MGAT4A 27.8 8 
 
MGAT5 27.3 11 
MGAT5B 26.4 125 
 
MGMT 24.0 85 
 
MGP 26.5 8 
MGST1 28.3 11 
 
MGST2 29.4 23 
 
MIB1 24.1 108 
MICAL2 25.4 90 
 
MICALL2 21.8 91 
 
MIDN 21.5 77 
MIF4GD 25.6 93 
 
MIOX 28.0 21 
 
MIP 27.3 12 
MITD1 26.6 36 
 
MKI67IP 25.5 91 
 
MKNK2 24.3 106 
MKRN1 24.2 57 
 
MKRN2 24.9 76 
 
MLC1 26.6 25 
MLEC 25.6 80 
 
MLF1IP 23.7 67 
 
MLF2 23.3 59 
MLH1 25.0 55 
 
MLL2 21.6 5 
 
MLLT1 22.7 128 
MLPH 22.1 74 
 
MLX 23.7 81 
 
MLXIPL 23.7 66 
MLYCD 25.4 101 
 
MMAA 25.9 15 
 
MMAB 24.6 74 
MMADHC 25.5 38 
 
MMD 31.1 81 
 
MMGT1 26.2 72 
MMP11 26.0 71 
 
MMP13 27.7 16 
 
MMP14 26.7 39 
MMP15 25.9 81 
 
MMP16 27.7 65 
 
MMP2 27.2 42 
MMP20 27.1 5 
 
MMP24 26.2 98 
 
MMP27 28.5 8 
MMP3 27.0 4 
 
MMP7 26.4 10 
 
MMRN1 25.1 7 
MNAT1 25.1 33 
 
MOBKL1A 27.9 73 
 
MOBKL2B 28.4 68 
MOCOS 25.1 76 
 
MOCS3 24.0 60 
 
MOGAT2 28.6 10 
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MON1A 24.3 45 
 
MON1B 23.7 61 
 
MORN4 26.2 53 
MOS 25.1 40 
 
MOSPD3 24.0 53 
 
MOV10L1 25.6 83 
MPDU1 27.6 65 
 
MPG 23.4 99 
 
MPHOSPH10 24.0 67 
MPHOSPH6 25.6 77 
 
MPHOSPH9 23.7 10 
 
MPP2 24.4 42 
MPP5 24.4 85 
 
MPP6 25.7 107 
 
MPPE1 27.3 94 
MPV17 28.2 17 
 
MPV17L2 28.0 92 
 
MPZL2 27.4 22 
MPZL3 26.0 30 
 
MRAP 25.6 22 
 
MRAP2 25.7 66 
MRAS 26.5 33 
 
MREG 25.9 62 
 
MRGPRD 28.0 14 
MRGPRF 28.5 36 
 
MRI1 23.4 79 
 
MRM1 23.1 60 
MRO 27.6 8 
 
MRP63 27.0 97 
 
MRPL11 24.0 38 
MRPL13 26.8 40 
 
MRPL15 25.6 46 
 
MRPL16 26.4 43 
MRPL17 24.9 64 
 
MRPL27 25.7 40 
 
MRPL28 26.6 58 
MRPL3 26.7 46 
 
MRPL30 26.0 39 
 
MRPL32 25.1 50 
MRPL34 25.0 46 
 
MRPL38 26.1 53 
 
MRPL4 25.3 56 
MRPL46 25.4 48 
 
MRPL48 26.4 42 
 
MRPL49 26.0 60 
MRPL53 23.4 28 
 
MRPL55 24.4 59 
 
MRPS10 26.4 29 
MRPS12 24.5 66 
 
MRPS18B 24.8 47 
 
MRPS18C 26.6 49 
MRPS2 25.7 82 
 
MRPS21 26.7 44 
 
MRPS23 24.9 41 
MRPS25 26.3 63 
 
MRPS27 26.2 42 
 
MRPS28 24.6 58 
MRPS30 25.9 4 
 
MRPS35 25.4 50 
 
MRPS36 23.1 54 
MRPS5 25.3 69 
 
MRPS7 26.7 78 
 
MRPS9 26.3 55 
MRRF 24.6 61 
 
MS4A2 26.2 2 
 
MS4A5 29.4 10 
MS4A7 26.8 5 
 
MSH2 25.7 60 
 
MSH4 25.7 34 
MSH6 25.3 96 
 
MSI1 24.9 121 
 
MSL2 24.3 106 
MSRB3 24.5 68 
 
MSTN 26.4 4 
 
MSTO1 24.8 69 
MSX2 23.6 69 
 
MT3 20.5 71 
 
MTA2 24.7 86 
MTBP 25.8 39 
 
MTCH2 27.0 68 
 
MTFMT 25.8 60 
MTHFD1 25.0 60 
 
MTHFS 25.0 93 
 
MTIF2 25.4 44 
MTL5 23.9 60 
 
MTMR14 25.8 54 
 
MTMR9 26.8 62 
MTNR1A 29.3 81 
 
MTNR1B 28.0 56 
 
MTPAP 25.8 42 
MTRR 25.3 85 
 
MTTP 25.8 3 
 
MTUS1 23.6 75 
MUC13 23.5 10 
 
MUDENG 26.8 67 
 
MUL1 25.5 50 
MURC 23.3 12 
 
MUS81 23.7 52 
 
MUT 25.2 42 
MVD 24.5 98 
 
MVK 24.3 14 
 
MXD1 23.4 57 
MXRA8 24.7 35 
 
MYBL2 24.1 87 
 
MYBPH 23.6 13 
MYCN 22.0 55 
 
MYF5 23.5 38 
 
MYF6 23.3 18 
MYH10 23.9 63 
 
MYH2 24.4 11 
 
MYH3 24.6 20 
MYH8 24.4 5 
 
MYL12B 25.7 90 
 
MYL3 24.2 9 
MYL6B 24.0 39 
 
MYO1A 26.6 8 
 
MYO1B 27.1 108 
MYO3A 26.0 73 
 
MYO5C 26.3 72 
 
MYOC 24.9 8 
MYOD1 21.9 65 
 
MYOG 23.6 31 
 
MYOZ3 23.4 6 
MYRIP 22.5 100 
 
MZF1 22.3 57 
 
N4BP2 24.7 104 
N4BP2L2 25.1 38 
 
N6AMT1 24.9 46 
 
NAB2 22.4 84 
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NACC1 23.1 87 
 
NACC2 23.3 140 
 
NAE1 25.8 68 
NAGK 25.9 57 
 
NAGLU 26.2 50 
 
NAGPA 23.7 64 
NAGS 24.6 61 
 
NALCN 28.3 90 
 
NAMPT 27.1 83 
NANOG 24.7 13 
 
NANS 25.9 77 
 
NAPA 26.0 80 
NAPSA 26.1 7 
 
NARF 25.0 103 
 
NARFL 24.7 90 
NARG1 26.8 64 
 
NARG2 25.1 51 
 
NAT12 23.0 71 
NAT14 24.6 78 
 
NBL1 22.9 11 
 
NBN 24.6 63 
NCALD 26.6 6 
 
NCAN 23.0 49 
 
NCAPD3 25.6 79 
NCAPH 24.1 72 
 
NCF1 25.2 21 
 
NCF4 26.3 12 
NCK1 26.2 68 
 
NCK2 25.6 128 
 
NCKAP1L 26.7 6 
NCLN 25.7 81 
 
NCOA1 22.5 3 
 
NCOA5 21.9 86 
NCOR1 22.1 94 
 
NCSTN 25.5 50 
 
NDC80 25.0 49 
NDRG2 24.7 56 
 
NDRG4 25.1 123 
 
NDST1 28.0 15 
NDST2 27.1 8 
 
NDST3 28.4 20 
 
NDST4 28.1 13 
NDUFA10 26.9 78 
 
NDUFA11 26.2 61 
 
NDUFA13 25.7 48 
NDUFA2 24.0 53 
 
NDUFA7 23.5 58 
 
NDUFA9 27.0 35 
NDUFAB1 25.2 66 
 
NDUFAF1 27.1 41 
 
NDUFAF2 25.7 45 
NDUFB10 25.4 81 
 
NDUFB3 28.7 45 
 
NDUFB4 26.9 52 
NDUFB7 25.2 40 
 
NDUFB8 27.1 43 
 
NDUFB9 27.4 51 
NDUFC2 28.5 44 
 
NDUFS1 24.8 64 
 
NDUFS4 25.7 32 
NDUFS6 24.4 75 
 
NDUFS7 25.3 93 
 
NECAB2 24.3 121 
NEDD8 24.1 46 
 
NEFH 21.0 85 
 
NEFL 22.4 37 
NEIL2 24.4 65 
 
NEK4 23.9 65 
 
NEK8 24.3 60 
NEK9 24.7 77 
 
NEO1 24.4 111 
 
NETO2 26.2 125 
NEU3 24.6 13 
 
NEUROD2 23.1 38 
 
NEUROD6 24.9 11 
NEUROG1 22.1 86 
 
NEUROG2 21.9 60 
 
NEUROG3 22.2 71 
NFATC4 22.3 27 
 
NFE2 22.8 6 
 
NFIL3 23.8 136 
NFKB1 24.6 106 
 
NFKBIA 23.9 73 
 
NFKBIB 22.2 58 
NFKBIE 21.7 59 
 
NFRKB 23.0 8 
 
NGFR 22.2 71 
NHLH1 22.9 16 
 
NHP2 24.5 62 
 
NICN1 25.9 56 
NID1 24.3 90 
 
NID2 24.4 64 
 
NINJ2 24.8 20 
NIP7 27.4 79 
 
NIPAL1 27.9 58 
 
NIPBL 24.1 76 
NIPSNAP1 27.3 57 
 
NKAIN1 29.7 11 
 
NKD1 22.9 104 
NKD2 21.5 89 
 
NKG7 27.9 11 
 
NKIRAS2 24.9 51 
NKX6-1 22.1 57 
 
NLGN2 24.7 54 
 
NLRC3 24.0 23 
NLRX1 25.0 53 
 
NMBR 27.8 45 
 
NME3 26.2 78 
NME4 24.6 94 
 
NME5 26.8 27 
 
NMI 25.0 25 
NMNAT2 25.8 28 
 
NMRAL1 25.8 43 
 
NMT1 26.5 45 
NMU 25.0 69 
 
NMUR2 29.1 15 
 
NNT 25.5 33 
NOB1 24.7 57 
 
NOBOX 22.5 9 
 
NOD1 26.4 74 
NOD2 25.6 19 
 
NODAL 26.0 54 
 
NOL11 26.4 51 
NOL3 19.4 43 
 
NOL4 23.3 52 
 
NOL6 24.9 32 
NONO 23.0 52 
 
NOP14 24.4 104 
 
NOP58 25.5 56 
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NOS2 26.1 10 
 
NOTCH2 23.4 80 
 
NOVA2 22.0 66 
NPAS1 23.5 64 
 
NPAT 22.6 63 
 
NPC2 25.7 65 
NPL 26.5 3 
 
NPM1 23.0 67 
 
NPPC 23.0 79 
NPTX1 24.2 114 
 
NPY 24.5 65 
 
NR0B2 24.8 19 
NR4A1 24.4 72 
 
NRBF2 23.6 51 
 
NRBP1 24.2 24 
NRF1 22.4 101 
 
NRGN 20.2 60 
 
NRM 28.2 24 
NRN1 26.8 44 
 
NRSN2 24.7 40 
 
NRXN2 24.3 86 
NSMAF 26.6 70 
 
NSMCE2 24.1 59 
 
NSUN2 25.2 96 
NSUN3 26.5 49 
 
NT5C 25.6 79 
 
NT5C1A 24.5 62 
NT5C1B 24.4 2 
 
NT5C3 26.8 87 
 
NT5C3L 26.7 73 
NT5E 26.5 90 
 
NTAN1 24.4 76 
 
NTHL1 23.7 90 
NTN1 25.1 109 
 
NTN3 23.0 83 
 
NTN5 23.2 31 
NTS 27.0 3 
 
NUAK1 24.6 46 
 
NUBP1 24.3 45 
NUBP2 24.3 86 
 
NUBPL 24.3 34 
 
NUCB1 23.2 24 
NUDCD1 26.3 59 
 
NUDCD2 25.0 64 
 
NUDT12 26.1 40 
NUDT16L1 25.8 104 
 
NUDT18 24.1 111 
 
NUDT21 27.2 61 
NUDT6 26.1 60 
 
NUDT7 26.3 50 
 
NUDT9 25.1 51 
NUF2 26.2 56 
 
NUFIP2 23.4 35 
 
NUMBL 21.8 79 
NUP133 25.4 62 
 
NUP153 23.1 72 
 
NUP155 25.4 45 
NUP210 25.0 106 
 
NUP35 23.9 40 
 
NUP54 24.2 52 
NUP85 26.5 64 
 
NUP93 25.4 60 
 
NUPL2 24.1 45 
NUTF2 26.9 66 
 
NVL 24.0 48 
 
NXF1 25.2 76 
NXNL1 24.5 28 
 
NXPH2 27.4 88 
 
NXT1 26.0 74 
NXT2 25.5 15 
 
OBFC1 25.8 68 
 
OBFC2B 22.5 49 
OC90 23.7 2 
 
OCEL1 22.9 70 
 
OCIAD1 24.7 52 
ODC1 26.0 110 
 
ODF1 25.8 15 
 
OGDH 26.0 82 
OGFR 20.7 99 
 
OGN 26.8 4 
 
OIP5 24.6 62 
OLA1 26.9 77 
 
OLFM1 26.6 85 
 
OLFM2 26.4 78 
OLFM4 26.5 9 
 
OLFML2B 24.5 78 
 
OLR1 25.9 6 
ONECUT1 23.3 81 
 
OPN1SW 29.4 14 
 
OPN4 27.1 16 
OPN5 29.7 4 
 
OPRD1 27.0 93 
 
OPRK1 28.4 64 
ORC2L 25.6 65 
 
ORC3L 26.9 50 
 
ORC4L 26.7 9 
ORC5L 28.1 53 
 
ORC6L 24.8 69 
 
ORMDL2 29.6 36 
ORMDL3 29.6 63 
 
OSBP 24.7 48 
 
OSBPL10 24.4 49 
OSBPL11 25.1 53 
 
OSBPL2 26.2 92 
 
OSBPL5 24.5 99 
OSBPL7 24.5 21 
 
OSGEPL1 25.7 23 
 
OSM 24.1 28 
OSMR 26.7 84 
 
OSR1 25.9 54 
 
OTC 26.7 9 
OTOF 25.8 28 
 
OTOP1 27.0 76 
 
OTOR 26.6 9 
OTP 22.3 44 
 
OTUB1 25.7 29 
 
OTUD6B 24.4 48 
OTUD7A 22.9 8 
 
OTX1 22.9 70 
 
OVOL2 23.9 57 
OXCT1 25.2 68 
 
OXGR1 29.5 48 
 
OXSM 24.9 53 
OXSR1 24.5 75 
 
OXT 22.3 62 
 
P2RX1 27.5 19 
P2RX3 27.3 12 
 
P2RX5 26.2 66 
 
P2RX7 27.3 16 
227 
 
P2RY1 29.7 75 
 
P2RY10 30.1 4 
 
P2RY12 30.1 7 
P2RY14 30.6 7 
 
P2RY2 27.7 80 
 
P4HA1 26.6 74 
P4HA2 26.0 95 
 
PA2G4 24.7 61 
 
PABPC1L 24.5 60 
PABPC5 26.5 48 
 
PABPN1 21.3 67 
 
PACSIN1 24.6 72 
PAF1 22.4 67 
 
PAFAH1B2 25.2 72 
 
PAG1 22.1 79 
PAH 26.9 29 
 
PAICS 25.9 72 
 
PAIP2 24.4 61 
PAK6 23.8 19 
 
PALB2 24.1 60 
 
PALLD 23.2 8 
PALMD 23.2 14 
 
PAM 25.6 56 
 
PAN3 25.3 1 
PANK3 27.0 76 
 
PANX3 28.1 15 
 
PAPD4 26.4 46 
PAPOLG 25.5 44 
 
PAPSS1 26.0 75 
 
PARD6A 22.8 68 
PARP11 28.0 46 
 
PARP12 26.2 31 
 
PARP16 27.1 82 
PARP8 25.0 64 
 
PASK 23.9 87 
 
PATL1 23.7 77 
PBK 25.8 46 
 
PBLD 25.6 39 
 
PBX4 22.8 64 
PCBP1 22.9 82 
 
PCCB 25.0 59 
 
PCDH12 23.3 8 
PCDH19 24.2 63 
 
PCDHB1 25.2 31 
 
PCDHB14 25.0 15 
PCDHB15 24.3 22 
 
PCDHB4 24.8 27 
 
PCDHB5 24.5 19 
PCDHB6 24.6 31 
 
PCDHB7 24.6 19 
 
PCDHGA3 24.2 38 
PCDHGC3 24.0 47 
 
PCGF1 26.5 23 
 
PCK2 25.3 50 
PCMTD2 25.7 94 
 
PCNP 21.6 53 
 
PCNXL2 25.4 53 
PCOLCE 24.0 19 
 
PCOLCE2 25.8 70 
 
PCP2 20.1 10 
PCSK1 24.9 32 
 
PCSK1N 20.9 69 
 
PCSK2 25.5 59 
PCSK4 24.9 58 
 
PCTK2 25.8 109 
 
PCTP 27.4 42 
PCYT1A 24.8 61 
 
PDCD2 25.2 81 
 
PDCD2L 24.8 63 
PDCD4 24.3 59 
 
PDCD5 22.5 79 
 
PDCD7 22.8 63 
PDCL 24.4 52 
 
PDE11A 25.8 39 
 
PDE3B 25.1 83 
PDE4C 23.8 52 
 
PDE4DIP 22.7 65 
 
PDE6A 27.2 11 
PDE6D 27.0 58 
 
PDE6H 24.4 3 
 
PDE7B 26.2 10 
PDE8A 25.0 43 
 
PDE8B 24.9 116 
 
PDGFC 25.6 64 
PDGFRA 26.1 21 
 
PDGFRB 25.2 25 
 
PDGFRL 25.7 29 
PDHB 25.4 67 
 
PDHX 24.3 78 
 
PDIA3 26.1 90 
PDIA4 25.9 95 
 
PDIA6 25.4 91 
 
PDILT 26.9 3 
PDK1 26.2 94 
 
PDK2 26.8 36 
 
PDK4 26.3 60 
PDLIM2 22.0 56 
 
PDLIM4 22.9 78 
 
PDPN 23.6 45 
PDRG1 25.0 58 
 
PDXK 25.1 113 
 
PDYN 25.1 16 
PDZD11 25.7 54 
 
PDZD4 22.8 108 
 
PDZK1IP1 24.5 17 
PDZRN4 23.5 6 
 
PEAR1 22.9 45 
 
PECR 25.7 57 
PELI2 24.8 102 
 
PELO 24.6 51 
 
PENK 25.5 82 
PEPD 25.6 64 
 
PER2 23.3 114 
 
PET112L 24.4 36 
PEX1 25.0 79 
 
PEX11A 27.6 47 
 
PEX12 27.3 46 
PEX13 24.9 41 
 
PEX6 23.4 62 
 
PFAS 24.0 47 
PFKFB4 26.0 55 
 
PFN4 26.1 105 
 
PFTK1 26.2 6 
PFTK2 26.6 6 
 
PGA5 26.1 13 
 
PGAM2 25.8 27 
PGAP3 29.1 42 
 
PGCP 25.8 65 
 
PGF 24.0 75 
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PGK2 25.6 12 
 
PGLS 24.0 83 
 
PGLYRP1 25.3 43 
PGM2L1 26.9 67 
 
PGM3 25.2 79 
 
PGPEP1 25.4 69 
PGRMC1 24.6 85 
 
PGS1 25.8 80 
 
PHAX 23.5 16 
PHB 24.5 32 
 
PHC1 20.8 72 
 
PHC2 21.4 14 
PHC3 21.6 46 
 
PHF16 24.8 102 
 
PHF17 24.6 77 
PHF21B 22.2 105 
 
PHF3 23.4 87 
 
PHF5A 26.5 48 
PHKB 26.5 77 
 
PHKG1 26.9 19 
 
PHLDA1 21.9 86 
PHLDB3 21.5 37 
 
PHOSPHO1 25.0 61 
 
PHOX2A 22.9 91 
PHPT1 25.8 67 
 
PHTF2 26.9 76 
 
PHYH 26.5 78 
PI15 27.3 1 
 
PI4KA 26.8 101 
 
PIAS1 24.7 70 
PIAS4 24.5 102 
 
PIF1 23.3 36 
 
PIGC 29.3 44 
PIGF 30.9 52 
 
PIGH 27.0 73 
 
PIGL 27.5 33 
PIGS 26.1 65 
 
PIGT 27.2 48 
 
PIGU 31.9 66 
PIGV 29.4 68 
 
PIGY 22.5 61 
 
PIH1D1 23.7 42 
PIH1D2 25.7 29 
 
PIK3C3 26.5 38 
 
PIK3CA 27.4 86 
PIK3CB 27.3 4 
 
PIK3IP1 23.5 19 
 
PIK3R1 25.6 16 
PIK3R3 26.4 60 
 
PIK3R5 24.2 14 
 
PIKFYVE 25.1 54 
PILRA 25.1 16 
 
PIN1 23.7 84 
 
PION 27.5 80 
PIP 27.4 5 
 
PIP4K2B 26.3 78 
 
PIP5K1B 26.2 88 
PISD 27.2 53 
 
PITPNA 27.2 107 
 
PITX2 23.6 57 
PIWIL1 26.2 80 
 
PIWIL4 26.6 28 
 
PKD2 25.7 110 
PKD2L2 30.7 59 
 
PKDREJ 27.5 83 
 
PKN1 23.9 105 
PKN3 24.2 74 
 
PKNOX1 23.0 108 
 
PKNOX2 22.7 57 
PLA2G12A 25.4 78 
 
PLA2G15 27.3 73 
 
PLA2G1B 26.7 10 
PLA2G3 24.4 15 
 
PLA2G4D 25.3 11 
 
PLA2G7 27.6 74 
PLA2R1 27.7 58 
 
PLAC8 24.6 5 
 
PLAGL2 24.5 94 
PLAT 25.4 14 
 
PLBD1 28.5 68 
 
PLCB3 23.8 82 
PLCE1 25.0 98 
 
PLCXD2 27.4 45 
 
PLCZ1 27.5 5 
PLD2 26.4 108 
 
PLDN 23.5 59 
 
PLEK 26.7 10 
PLEK2 26.4 69 
 
PLEKHA3 24.5 92 
 
PLEKHA6 22.6 20 
PLEKHA8 25.5 79 
 
PLEKHB2 26.2 42 
 
PLEKHF1 24.1 60 
PLG 24.9 8 
 
PLIN 22.3 2 
 
PLK1 26.1 71 
PLK2 26.0 92 
 
PLK4 25.5 62 
 
PLOD1 27.1 53 
PLOD3 26.7 54 
 
PLVAP 24.4 44 
 
PM20D2 25.0 76 
PMM1 25.8 57 
 
PMM2 26.9 59 
 
PMP2 26.7 6 
PMP22 30.0 8 
 
PMPCB 25.2 51 
 
PNLDC1 28.1 52 
PNMAL1 22.7 65 
 
PNMT 24.4 78 
 
PNO1 24.7 46 
PNOC 24.5 20 
 
PNPLA3 26.0 80 
 
PNPLA6 24.5 56 
PNPLA8 26.3 71 
 
PNPO 25.8 44 
 
POGZ 23.9 48 
POLA2 24.7 71 
 
POLB 25.9 52 
 
POLD1 24.9 75 
POLD3 23.6 56 
 
POLDIP3 23.7 75 
 
POLE2 26.6 70 
POLK 25.1 78 
 
POLL 23.9 47 
 
POLQ 25.1 42 
POLR1A 25.4 52 
 
POLR2B 25.9 48 
 
POLR2C 24.9 33 
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POLR2D 23.8 72 
 
POLR2G 27.3 48 
 
POLR2H 26.7 57 
POLR2I 24.9 66 
 
POLR3D 23.3 80 
 
POLR3E 24.6 72 
POLRMT 24.8 66 
 
POLS 25.0 101 
 
POMC 23.3 79 
POMT2 28.6 78 
 
PON1 27.1 26 
 
PON2 26.7 56 
PON3 26.7 60 
 
POP7 23.3 81 
 
POU2AF1 23.2 35 
POU2F1 21.4 75 
 
POU2F3 23.3 59 
 
POU4F2 22.9 80 
POU5F1 23.7 24 
 
PPAP2A 28.3 74 
 
PPAP2B 28.0 34 
PPAP2C 28.5 91 
 
PPARA 25.9 120 
 
PPARD 25.7 75 
PPARG 26.6 11 
 
PPARGC1A 23.5 11 
 
PPAT 25.7 63 
PPBP 24.1 4 
 
PPEF2 25.9 8 
 
PPFIBP1 24.2 41 
PPIB 27.2 76 
 
PPIC 27.0 94 
 
PPID 25.5 61 
PPIF 25.4 79 
 
PPIG 22.7 40 
 
PPIH 26.1 48 
PPIL4 25.6 77 
 
PPIL5 26.6 71 
 
PPM1E 23.8 75 
PPM1F 22.8 59 
 
PPM1H 24.7 74 
 
PPM1K 25.0 56 
PPP1CB 26.8 95 
 
PPP1R12A 22.5 46 
 
PPP1R14A 22.4 77 
PPP1R14D 22.5 9 
 
PPP1R16A 22.3 24 
 
PPP1R1B 19.4 54 
PPP1R3A 23.9 5 
 
PPP1R3B 27.0 59 
 
PPP1R3C 26.8 55 
PPP1R3F 21.6 91 
 
PPP1R7 24.7 79 
 
PPP1R8 24.5 56 
PPP2CB 26.6 77 
 
PPP2R3A 25.3 85 
 
PPP2R3C 27.9 58 
PPP2R5A 26.9 91 
 
PPP2R5B 26.3 59 
 
PPP3CC 26.3 106 
PPP4C 26.8 77 
 
PPP4R4 25.9 97 
 
PPP5C 26.3 69 
PPPDE1 25.9 73 
 
PPRC1 21.7 65 
 
PPWD1 26.2 51 
PPY 24.4 19 
 
PQLC2 27.7 99 
 
PQLC3 29.3 95 
PRCC 22.5 51 
 
PRCP 27.7 38 
 
PRDM12 24.8 76 
PRDM14 25.5 73 
 
PRDM4 24.3 87 
 
PRDM5 25.6 78 
PRDX1 26.8 67 
 
PRDX2 26.4 77 
 
PREB 24.9 85 
PRELID1 26.1 96 
 
PREPL 27.1 15 
 
PREX2 25.8 67 
PRG3 25.3 4 
 
PRICKLE2 24.0 12 
 
PRKAB1 25.4 72 
PRKAB2 25.4 74 
 
PRKACA 28.1 105 
 
PRKAG3 25.0 18 
PRKAR2A 24.2 84 
 
PRKAR2B 24.3 94 
 
PRKCB 26.8 100 
PRKCDBP 19.7 52 
 
PRKCI 25.9 69 
 
PRKCQ 27.3 89 
PRKD3 25.7 7 
 
PRKG2 26.3 8 
 
PRKRIR 26.2 106 
PRKX 27.4 103 
 
PRLH 24.9 20 
 
PRND 27.5 10 
PROC 25.9 15 
 
PROCA1 22.9 61 
 
PROCR 26.1 16 
PRODH2 24.4 11 
 
PROK1 25.5 12 
 
PROK2 25.7 95 
PROKR1 29.5 87 
 
PROKR2 29.4 19 
 
PROP1 22.7 17 
PROX1 23.8 12 
 
PRPF19 25.1 73 
 
PRPF38A 24.6 56 
PRPF6 24.8 65 
 
PRPF8 27.7 60 
 
PRPH 22.6 18 
PRPH2 28.0 16 
 
PRPSAP2 25.3 58 
 
PRR11 24.9 26 
PRR14 21.9 56 
 
PRRC1 23.2 69 
 
PRRG2 24.2 21 
PRRG4 26.0 79 
 
PRRT3 22.2 51 
 
PRSS16 24.6 16 
PRSS22 24.7 34 
 
PRSS23 27.0 94 
 
PRSS27 25.1 43 
PRSS33 23.7 11 
 
PRUNE 24.7 53 
 
PSENEN 32.5 43 
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PSMA2 25.8 53 
 
PSMA3 25.8 49 
 
PSMA5 24.5 54 
PSMA6 25.9 40 
 
PSMB1 25.9 44 
 
PSMB4 25.7 58 
PSMB6 24.2 37 
 
PSMC3 24.5 58 
 
PSMC4 25.1 49 
PSMC5 24.9 58 
 
PSMD10 24.1 58 
 
PSMD11 25.6 76 
PSMD2 25.0 45 
 
PSMD3 25.2 83 
 
PSMD5 25.3 59 
PSMD6 27.2 62 
 
PSMD7 26.3 65 
 
PSMD8 26.0 50 
PSMD9 22.6 69 
 
PSME1 25.5 75 
 
PSME2 26.0 47 
PSMG3 25.1 25 
 
PSPH 25.4 76 
 
PSPN 24.0 29 
PTAFR 29.7 12 
 
PTCD3 26.1 52 
 
PTCHD2 26.2 103 
PTER 25.5 12 
 
PTGDR 27.8 61 
 
PTGER1 24.7 33 
PTGER2 26.6 87 
 
PTGER4 25.6 61 
 
PTGIR 25.6 15 
PTGIS 27.0 59 
 
PTH 25.0 4 
 
PTH1R 27.1 91 
PTH2 25.0 39 
 
PTK7 24.3 78 
 
PTMS 17.1 82 
PTPLAD1 30.0 77 
 
PTPN12 24.2 86 
 
PTPN4 25.6 50 
PTPN7 24.1 21 
 
PTPN9 26.5 77 
 
PTPRB 26.0 58 
PTPRE 26.6 85 
 
PTPRN 23.1 48 
 
PTPRO 27.3 62 
PTS 26.4 68 
 
PUF60 23.4 115 
 
PVALB 26.3 16 
PVRL1 24.9 99 
 
PVRL2 23.5 71 
 
PWP1 24.7 47 
PWP2 26.2 96 
 
PXN 24.1 92 
 
PYCARD 24.9 50 
PYCRL 22.8 86 
 
PYGB 26.8 100 
 
PYGL 27.2 77 
PYGM 26.7 15 
 
PYGO1 22.7 66 
 
PYROXD1 26.3 41 
QARS 26.1 38 
 
QDPR 24.8 71 
 
QTRT1 25.0 50 
QTRTD1 25.7 43 
 
R3HCC1 23.2 53 
 
R3HDM1 22.7 60 
R3HDML 27.1 16 
 
RAB11A 25.2 57 
 
RAB11FIP5 22.7 98 
RAB20 25.3 88 
 
RAB22A 26.0 83 
 
RAB24 26.2 100 
RAB26 25.1 90 
 
RAB27B 25.9 42 
 
RAB2A 25.4 104 
RAB30 25.9 33 
 
RAB31 25.7 99 
 
RAB38 26.8 54 
RAB3A 25.9 67 
 
RAB3C 26.0 48 
 
RAB3GAP1 25.3 35 
RAB40B 26.1 101 
 
RAB5A 24.3 70 
 
RAB6B 25.6 80 
RAB7L1 26.5 37 
 
RAB8A 27.2 85 
 
RAB9B 26.0 51 
RABAC1 27.0 47 
 
RABEP1 22.9 104 
 
RABGAP1L 25.8 99 
RABGEF1 25.5 100 
 
RABL3 25.9 40 
 
RAC2 26.1 24 
RACGAP1 24.6 50 
 
RAD21 23.8 50 
 
RAD50 24.7 57 
RAD51 24.3 84 
 
RAF1 25.7 73 
 
RAG2 26.5 5 
RAI14 23.4 81 
 
RALA 25.4 75 
 
RALB 25.3 87 
RALBP1 24.0 61 
 
RALGPS1 25.5 92 
 
RAMP1 27.8 80 
RAMP2 25.8 90 
 
RAMP3 27.0 63 
 
RANBP2 24.9 77 
RANBP3 21.3 88 
 
RANBP9 23.1 136 
 
RANGRF 23.4 55 
RAP1B 25.3 116 
 
RAP2A 25.2 123 
 
RAPGEF2 24.2 5 
RARA 24.4 22 
 
RARRES2 25.0 48 
 
RARS 26.7 40 
RASA1 25.6 58 
 
RASA2 26.1 90 
 
RASD1 25.7 82 
RASD2 26.0 68 
 
RASGEF1B 27.1 81 
 
RASGRP1 26.0 99 
RASIP1 23.1 22 
 
RASL10A 24.9 89 
 
RASL10B 27.5 63 
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RASL11A 25.4 43 
 
RASL11B 24.7 102 
 
RASL12 25.1 65 
RASSF6 26.9 26 
 
RASSF8 23.9 112 
 
RB1 26.2 99 
RB1CC1 24.6 81 
 
RBBP5 24.5 43 
 
RBKS 24.4 48 
RBL2 24.6 74 
 
RBM14 22.4 80 
 
RBM25 22.6 61 
RBM26 23.6 64 
 
RBM27 23.4 53 
 
RBM28 24.0 44 
RBM39 23.9 62 
 
RBM4 24.3 59 
 
RBM42 22.7 58 
RBM45 25.3 44 
 
RBM46 26.1 47 
 
RBM47 24.5 49 
RBM4B 24.6 67 
 
RBMS2 23.9 14 
 
RBP1 25.3 66 
RBP2 27.0 4 
 
RBP3 24.7 11 
 
RBPMS2 24.9 114 
RBX1 26.6 86 
 
RC3H1 23.2 9 
 
RCBTB1 26.3 15 
RCE1 27.3 88 
 
RCN3 23.9 53 
 
RCOR1 23.1 106 
RCVRN 27.0 23 
 
RDH10 26.7 108 
 
RDH12 26.5 2 
RDH5 26.3 7 
 
RDH8 24.9 16 
 
RDM1 25.6 31 
REEP1 27.8 97 
 
REEP4 27.0 65 
 
REEP6 28.4 80 
REG3G 26.8 8 
 
REL 24.2 83 
 
RELB 23.3 86 
RELL1 23.2 90 
 
RELL2 21.5 76 
 
RELT 23.5 91 
REM1 22.7 44 
 
REM2 22.9 14 
 
REPS1 22.6 85 
RER1 30.5 114 
 
RERG 25.3 54 
 
RETN 23.8 16 
RETSAT 26.3 41 
 
REV1 24.3 127 
 
REXO1 22.4 94 
REXO2 25.6 48 
 
RFC2 25.3 80 
 
RFC4 24.5 65 
RFNG 24.6 125 
 
RFT1 29.0 42 
 
RFX5 22.0 41 
RFXANK 23.2 55 
 
RFXAP 20.9 66 
 
RG9MTD1 27.5 45 
RG9MTD2 24.9 41 
 
RG9MTD3 25.6 44 
 
RGL1 24.8 64 
RGS17 24.5 103 
 
RGS2 26.3 68 
 
RGS20 23.7 88 
RGS5 26.8 5 
 
RHBDD2 26.0 59 
 
RHBDD3 24.3 82 
RHBDF1 26.2 91 
 
RHBDL2 28.7 23 
 
RHBDL3 27.3 128 
RHCG 28.6 53 
 
RHEB 26.2 98 
 
RHEBL1 26.1 57 
RHO 29.1 18 
 
RHOB 25.4 89 
 
RHOC 25.4 78 
RHOF 25.8 73 
 
RHPN1 23.4 98 
 
RIF1 24.2 56 
RILP 20.9 40 
 
RILPL2 22.9 58 
 
RIMS1 22.6 71 
RIN1 22.4 18 
 
RIN3 23.6 92 
 
RINT1 26.6 39 
RIPK1 25.2 93 
 
RIPK2 25.3 77 
 
RIPK3 23.8 34 
RLBP1 25.7 13 
 
RLBP1L2 27.0 43 
 
RMND5A 25.7 90 
RMND5B 25.4 98 
 
RNASE4 25.7 44 
 
RNASEH2A 25.1 63 
RNASEH2C 23.1 59 
 
RND1 25.4 28 
 
RND2 24.2 67 
RND3 25.1 22 
 
RNF11 24.2 74 
 
RNF112 23.9 23 
RNF114 24.7 71 
 
RNF122 28.2 62 
 
RNF125 25.1 41 
RNF126 22.7 115 
 
RNF128 24.6 54 
 
RNF130 25.9 97 
RNF138 24.8 62 
 
RNF139 29.0 73 
 
RNF141 24.1 60 
RNF144B 25.5 41 
 
RNF145 28.7 18 
 
RNF146 22.3 76 
RNF165 24.2 104 
 
RNF166 24.5 110 
 
RNF17 25.7 36 
RNF181 24.6 48 
 
RNF214 22.8 8 
 
RNF219 23.8 65 
RNF25 22.5 29 
 
RNF26 25.9 57 
 
RNF38 23.4 56 
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RNF44 23.5 72 
 
RNF7 25.2 64 
 
RNFT1 28.3 69 
RNFT2 26.7 72 
 
RNMT 25.9 13 
 
RNMTL1 25.1 81 
RNPEP 26.4 79 
 
RNPEPL1 26.0 138 
 
ROBO4 22.8 14 
ROPN1 25.6 9 
 
ROPN1L 26.6 84 
 
RP1 24.3 2 
RP9 23.8 101 
 
RPA1 25.1 90 
 
RPA3 26.4 3 
RPAP1 24.1 46 
 
RPE65 28.0 2 
 
RPGRIP1L 24.7 46 
RPIA 24.3 67 
 
RPL13 24.6 89 
 
RPL15 26.9 58 
RPL18A 27.5 80 
 
RPL21 26.7 66 
 
RPL27 28.5 41 
RPL29 24.4 50 
 
RPL30 26.3 50 
 
RPL31 26.0 32 
RPL36AL 26.9 75 
 
RPL6 26.7 40 
 
RPL7L1 27.1 36 
RPL8 24.7 89 
 
RPL9 25.9 55 
 
RPLP0 25.0 62 
RPLP1 22.7 67 
 
RPN1 26.4 65 
 
RPN2 25.7 67 
RPP14 27.1 71 
 
RPS11 27.6 62 
 
RPS12 25.0 58 
RPS13 26.7 57 
 
RPS14 23.0 65 
 
RPS16 25.8 60 
RPS19 24.9 60 
 
RPS27A 26.5 36 
 
RPS29 27.6 54 
RPS3 25.0 49 
 
RPS3A 26.3 72 
 
RPS5 25.1 55 
RPS6KA2 26.6 92 
 
RPS6KA6 26.4 81 
 
RPS6KB1 25.5 58 
RPS6KB2 25.0 60 
 
RPS7 25.7 60 
 
RPS9 26.0 59 
RPSA 24.9 55 
 
RPTOR 25.6 40 
 
RPUSD1 24.4 103 
RPUSD4 25.0 60 
 
RQCD1 25.7 77 
 
RRAD 22.9 54 
RRAGB 26.4 40 
 
RRAS 23.7 55 
 
RRAS2 25.1 77 
RRM2 27.1 86 
 
RRM2B 27.5 69 
 
RRN3 27.1 52 
RRP8 23.4 66 
 
RSAD1 24.0 72 
 
RSBN1 24.1 73 
RSF1 22.6 80 
 
RSHL1 23.1 55 
 
RSPH1 23.7 64 
RSPO2 26.2 47 
 
RSPO4 23.8 89 
 
RTKN 23.9 84 
RTN2 23.5 68 
 
RTP1 27.7 14 
 
RTP3 27.4 11 
RTP4 26.4 16 
 
RTTN 26.2 76 
 
RUFY3 24.8 6 
RUSC1 22.5 29 
 
RUVBL2 24.3 36 
 
RXFP1 28.9 14 
S100A1 25.6 10 
 
S100B 25.7 12 
 
S1PR1 28.9 52 
S1PR4 26.7 58 
 
SAAL1 25.1 58 
 
SAFB 21.3 102 
SAFB2 21.7 101 
 
SALL1 22.7 82 
 
SALL4 22.8 50 
SAMD3 26.9 3 
 
SAMHD1 26.4 47 
 
SAP30 23.1 76 
SAP30L 24.6 76 
 
SAPS3 24.0 87 
 
SAR1B 27.4 49 
SARS 25.8 46 
 
SART1 22.5 89 
 
SART3 24.6 42 
SASS6 24.4 53 
 
SBDS 25.9 59 
 
SBF2 25.8 82 
SC4MOL 31.6 73 
 
SCAMP2 26.9 58 
 
SCAMP3 26.1 47 
SCAND1 20.3 83 
 
SCAP 25.4 77 
 
SCARB1 27.6 67 
SCARB2 27.8 93 
 
SCG2 23.4 19 
 
SCG3 24.8 34 
SCG5 24.4 24 
 
SCLY 23.6 101 
 
SCML2 24.7 97 
SCN11A 28.3 11 
 
SCN1B 26.3 116 
 
SCN3A 27.7 7 
SCN3B 26.5 77 
 
SCN7A 29.4 1 
 
SCNN1G 27.0 72 
SCO1 25.9 77 
 
SCPEP1 27.6 43 
 
SCRN2 23.7 49 
SCRN3 26.4 41 
 
SCTR 28.0 76 
 
SCYL1 24.5 81 
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SDC2 24.4 49 
 
SDF2 24.7 62 
 
SDF2L1 23.9 79 
SDR16C5 28.2 22 
 
SDR9C7 26.6 11 
 
SDS 25.0 7 
SEC11C 27.6 63 
 
SEC14L2 26.8 44 
 
SEC14L5 25.4 54 
SEC16B 23.6 12 
 
SEC22C 27.9 78 
 
SEC23A 25.8 66 
SEC23B 25.9 52 
 
SEC24B 24.2 109 
 
SEC24D 24.8 78 
SEH1L 25.5 79 
 
SEMA3C 26.2 68 
 
SEMA3D 27.0 4 
SEMA3F 25.1 118 
 
SEMA4C 25.8 106 
 
SEMA4G 24.2 11 
SEMA7A 25.3 80 
 
SENP2 25.8 58 
 
11-Sep 25.6 89 
SERGEF 24.3 83 
 
SERINC3 28.8 42 
 
SERPINB10 26.9 0 
SERPINB2 26.3 2 
 
SERPINE1 26.4 21 
 
SERPINF1 25.6 21 
SERPING1 25.3 16 
 
SERPINI1 26.7 33 
 
SERPINI2 27.2 5 
SESN1 26.5 23 
 
SESN2 25.5 77 
 
SESN3 26.7 90 
SETBP1 23.5 44 
 
SETD7 25.5 74 
 
SEZ6L 24.4 92 
SEZ6L2 23.7 32 
 
SF3A1 23.1 83 
 
SF3A2 22.1 82 
SF3B4 22.6 19 
 
SF4 24.0 66 
 
SFRP2 26.3 73 
SFRP5 26.8 81 
 
SFRS1 23.3 80 
 
SFRS12 21.9 1 
SFRS7 22.5 61 
 
SFRS8 22.5 77 
 
SFRS9 25.3 98 
SFT2D2 29.8 71 
 
SFXN5 25.5 64 
 
SGCA 24.7 18 
SGCE 26.2 60 
 
SGK1 27.0 73 
 
SGK3 27.3 89 
SGPP1 27.6 105 
 
SGTA 22.9 66 
 
SH2D3C 23.8 13 
SH2D4A 24.9 62 
 
SH3BGRL3 23.5 9 
 
SH3D19 23.6 6 
SH3GL1 24.2 91 
 
SH3GLB1 24.9 92 
 
SH3PXD2B 23.7 109 
SH3RF1 22.8 98 
 
SH3RF3 22.5 101 
 
SHANK1 21.9 42 
SHC2 22.8 114 
 
SHE 23.0 101 
 
SHFM1 23.7 44 
SHH 24.4 52 
 
SHISA5 24.4 65 
 
SHKBP1 24.1 47 
SI 27.4 0 
 
SIAE 26.7 58 
 
SIGMAR1 27.7 75 
SIK2 23.8 95 
 
SIL1 25.0 55 
 
SIM1 24.9 27 
SIP1 24.3 37 
 
SIPA1 22.6 34 
 
SIPA1L2 24.2 9 
SIRT1 22.8 90 
 
SIRT2 25.1 66 
 
SIRT4 26.0 25 
SIT1 22.8 17 
 
SIX1 24.3 71 
 
SIX2 24.0 97 
SIX3 23.4 30 
 
SKIL 24.4 121 
 
SKIV2L2 26.0 61 
SLA2 24.4 12 
 
SLAIN1 22.4 3 
 
SLAIN2 21.6 80 
SLAMF1 25.8 11 
 
SLC10A3 26.5 82 
 
SLC11A2 27.9 63 
SLC12A2 26.1 118 
 
SLC12A5 26.3 73 
 
SLC12A7 26.3 89 
SLC13A1 29.1 5 
 
SLC13A3 28.4 56 
 
SLC13A5 28.7 69 
SLC14A2 28.0 11 
 
SLC15A4 27.1 90 
 
SLC16A13 27.0 64 
SLC16A14 28.4 31 
 
SLC16A7 28.1 3 
 
SLC16A9 29.2 6 
SLC17A7 27.2 61 
 
SLC18A1 26.9 4 
 
SLC18A2 27.3 87 
SLC19A1 26.5 93 
 
SLC19A2 29.0 71 
 
SLC19A3 29.1 37 
SLC1A1 27.1 87 
 
SLC1A2 26.4 94 
 
SLC1A4 25.3 102 
SLC1A5 25.5 50 
 
SLC1A6 26.2 31 
 
SLC20A1 26.8 100 
SLC22A14 28.2 8 
 
SLC22A18 26.5 53 
 
SLC22A4 29.0 76 
SLC22A5 28.7 84 
 
SLC24A4 27.5 87 
 
SLC25A1 26.1 105 
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SLC25A11 26.6 72 
 
SLC25A13 26.3 69 
 
SLC25A16 27.4 63 
SLC25A2 27.5 66 
 
SLC25A24 26.8 86 
 
SLC25A3 27.3 67 
SLC25A30 27.3 61 
 
SLC25A31 27.7 60 
 
SLC25A32 28.1 82 
SLC25A33 26.5 104 
 
SLC25A34 25.4 30 
 
SLC25A35 25.2 53 
SLC25A37 25.6 68 
 
SLC25A38 27.2 50 
 
SLC25A4 28.2 102 
SLC26A10 25.7 19 
 
SLC26A4 26.9 38 
 
SLC26A5 27.0 72 
SLC26A7 27.7 3 
 
SLC27A1 26.1 69 
 
SLC27A4 26.8 92 
SLC27A5 26.0 11 
 
SLC27A6 28.3 44 
 
SLC28A1 27.4 13 
SLC29A4 27.0 76 
 
SLC2A12 26.6 26 
 
SLC2A13 26.4 103 
SLC2A2 28.3 3 
 
SLC2A3 27.3 12 
 
SLC30A3 25.0 62 
SLC30A4 26.4 94 
 
SLC30A9 25.7 55 
 
SLC35B1 29.5 46 
SLC35C1 28.3 65 
 
SLC35C2 29.1 62 
 
SLC35F5 28.4 71 
SLC36A1 28.8 46 
 
SLC38A11 29.0 36 
 
SLC38A2 28.9 58 
SLC38A4 28.6 29 
 
SLC38A7 27.6 43 
 
SLC38A8 27.9 25 
SLC39A1 25.5 45 
 
SLC39A14 26.9 91 
 
SLC39A2 26.5 6 
SLC39A3 27.1 69 
 
SLC39A5 24.4 6 
 
SLC39A9 25.3 44 
SLC3A1 27.3 28 
 
SLC40A1 27.1 81 
 
SLC41A2 27.4 8 
SLC43A2 27.8 96 
 
SLC44A4 29.0 29 
 
SLC45A1 26.1 34 
SLC45A4 25.9 17 
 
SLC47A1 27.1 82 
 
SLC4A1 26.7 18 
SLC4A2 24.7 16 
 
SLC4A4 27.3 93 
 
SLC4A7 26.4 4 
SLC5A1 28.7 31 
 
SLC5A5 26.6 43 
 
SLC5A7 28.4 66 
SLC5A8 28.3 58 
 
SLC6A1 29.8 85 
 
SLC6A15 28.5 59 
SLC6A3 28.8 99 
 
SLC6A7 29.2 53 
 
SLC6A8 29.6 122 
SLC7A11 28.8 13 
 
SLC7A14 27.7 39 
 
SLC7A3 27.7 38 
SLC7A5 28.4 103 
 
SLC7A6 28.2 104 
 
SLC7A7 28.4 10 
SLC7A9 28.7 19 
 
SLC8A2 25.9 32 
 
SLC9A1 27.2 50 
SLC9A2 27.5 90 
 
SLC9A3R1 21.8 95 
 
SLC9A5 26.2 73 
SLCO2A1 27.4 79 
 
SLCO4A1 26.4 109 
 
SLIT2 25.3 57 
SLU7 25.0 31 
 
SLURP1 24.7 13 
 
SMAD1 25.3 98 
SMAD2 25.3 101 
 
SMAD7 24.6 85 
 
SMARCB1 25.6 79 
SMARCD3 24.5 82 
 
SMC2 24.8 53 
 
SMG6 23.9 92 
SMO 25.9 84 
 
SMOX 24.5 78 
 
SMPD2 26.9 108 
SMPD3 24.5 69 
 
SMURF2 26.1 105 
 
SMYD1 26.5 10 
SMYD4 24.7 86 
 
SNAI1 23.8 81 
 
SNAI2 25.5 45 
SNAP23 22.4 44 
 
SNAP25 22.2 47 
 
SNAP29 23.0 100 
SNAP91 22.7 78 
 
SNAPC1 26.2 49 
 
SNAPC2 21.5 74 
SNAPC4 22.3 17 
 
SNCAIP 22.6 98 
 
SNCB 21.6 88 
SNED1 23.7 124 
 
SNF8 25.8 56 
 
SNIP1 22.1 53 
SNRNP27 22.0 15 
 
SNRNP40 25.3 55 
 
SNRNP70 21.5 72 
SNRPA 24.8 67 
 
SNRPA1 24.4 83 
 
SNRPB2 26.2 53 
SNRPD1 24.4 64 
 
SNRPD3 24.3 55 
 
SNTA1 23.4 82 
SNUPN 26.0 47 
 
SNW1 23.5 55 
 
SNX15 23.3 81 
SNX17 24.8 87 
 
SNX24 27.0 83 
 
SNX25 26.5 115 
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SNX29 24.1 19 
 
SNX3 25.5 83 
 
SNX31 27.0 56 
SNX33 25.6 74 
 
SNX4 25.7 56 
 
SNX7 25.5 87 
SNX8 24.9 90 
 
SOAT2 28.5 19 
 
SOCS5 25.0 63 
SOD1 23.1 73 
 
SOLH 23.4 121 
 
SON 22.0 52 
SORBS3 23.6 94 
 
SORCS1 25.4 109 
 
SORD 25.0 55 
SOST 23.8 27 
 
SOSTDC1 25.0 10 
 
SOX13 22.7 58 
SOX17 22.5 77 
 
SOX30 22.8 45 
 
SOX5 22.7 13 
SOX7 23.2 96 
 
SOX8 22.6 125 
 
SP7 22.9 11 
SPA17 23.2 58 
 
SPACA1 24.5 79 
 
SPACA3 25.3 8 
SPAG7 23.5 56 
 
SPAM1 28.1 4 
 
SPARC 25.5 18 
SPARCL1 22.6 6 
 
SPATA18 24.1 56 
 
SPATA19 24.6 9 
SPATA2 25.1 79 
 
SPATA20 25.3 45 
 
SPATA2L 23.5 88 
SPATA4 26.7 43 
 
SPATA5 24.5 39 
 
SPATA9 25.3 5 
SPC25 26.4 35 
 
SPCS1 25.0 79 
 
SPCS2 27.3 64 
SPCS3 28.3 101 
 
SPEG 22.3 62 
 
SPERT 23.3 3 
SPG21 27.5 73 
 
SPG7 24.9 95 
 
SPHK2 23.4 69 
SPINK2 26.4 58 
 
SPINK5 23.3 8 
 
SPINT2 25.5 86 
SPNS1 26.2 65 
 
SPOCK1 25.3 80 
 
SPOPL 26.2 81 
SPP2 26.3 10 
 
SPR 24.4 79 
 
SPRED1 24.7 73 
SPRY3 23.4 11 
 
SPRYD3 25.4 68 
 
SPSB3 24.8 95 
SPSB4 24.8 94 
 
SPTLC1 25.7 61 
 
SPTLC2 26.2 71 
SQLE 27.0 92 
 
SQRDL 26.4 54 
 
SRBD1 25.2 45 
SRCRB4D 23.5 9 
 
SRD5A1 28.6 96 
 
SRD5A3 30.8 57 
SREBF1 23.5 78 
 
SRF 21.6 82 
 
SRGN 24.3 7 
SRMS 25.7 61 
 
SRP14 24.4 57 
 
SRP68 25.0 61 
SRRD 25.5 80 
 
SRRM2 19.5 87 
 
SS18 21.4 69 
SSB 25.5 54 
 
SSH2 23.4 74 
 
SSR1 24.8 65 
SSR2 26.5 40 
 
SSR3 28.6 56 
 
SSRP1 25.3 62 
SSSCA1 21.8 79 
 
SST 23.3 34 
 
SSTR1 27.0 36 
SSU72 25.1 110 
 
ST14 25.6 82 
 
ST18 23.2 26 
ST3GAL4 27.6 90 
 
ST5 23.8 26 
 
ST6GAL1 27.8 70 
ST6GALNAC1 25.9 8 
 
ST8SIA2 26.8 89 
 
ST8SIA4 27.7 40 
STAC 24.5 65 
 
STAM2 24.2 75 
 
STAP1 26.1 6 
STAR 24.6 27 
 
STARD3NL 27.4 57 
 
STARD6 26.7 3 
STARD8 23.4 44 
 
STAT2 25.6 46 
 
STAT3 25.9 68 
STAT5B 25.3 118 
 
STBD1 24.0 49 
 
STC1 24.2 14 
STC2 23.3 69 
 
STEAP1 30.0 57 
 
STEAP2 28.6 68 
STIM1 24.4 85 
 
STK10 23.8 96 
 
STK17B 25.6 83 
STK32B 26.8 82 
 
STK32C 24.8 105 
 
STK35 24.6 88 
STK36 24.7 47 
 
STK38 27.1 52 
 
STMN2 23.9 16 
STOM 25.4 65 
 
STRA8 24.4 5 
 
STRADB 25.9 80 
STRN4 23.1 98 
 
STT3B 28.8 86 
 
STUB1 24.1 92 
STX17 24.3 68 
 
STX18 24.5 72 
 
STX1A 24.2 82 
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STX6 24.4 59 
 
STX8 23.8 41 
 
STXBP2 25.4 66 
STYK1 26.2 46 
 
STYXL1 27.1 57 
 
SUCLG2 24.7 70 
SUGT1 25.5 56 
 
SULT1A1 27.6 11 
 
SULT1B1 28.6 4 
SULT1E1 29.0 2 
 
SULT6B1 28.2 11 
 
SUMF1 24.8 49 
SUNC1 26.6 14 
 
SUOX 24.6 27 
 
SUPT16H 25.8 60 
SUPT3H 24.8 2 
 
SUPT4H1 26.0 62 
 
SUPT6H 24.6 57 
SUV39H2 26.7 105 
 
SUV420H2 24.4 69 
 
SYF2 24.6 49 
SYMPK 24.5 58 
 
SYNE1 24.6 41 
 
SYNGR2 27.8 94 
SYNGR3 26.0 77 
 
SYNJ2BP 24.7 27 
 
SYNPO2 22.6 31 
SYP 26.5 64 
 
SYT1 26.7 36 
 
SYT10 26.0 72 
SYT13 24.4 50 
 
SYT4 26.5 21 
 
SYT7 26.0 112 
T 24.4 72 
 
TAAR5 30.2 10 
 
TACC3 21.6 96 
TACR3 28.6 44 
 
TADA2L 26.0 83 
 
TADA3L 23.4 69 
TAF10 21.7 40 
 
TAF4B 23.0 78 
 
TAF5L 25.5 123 
TAF6L 24.3 57 
 
TAF7 23.5 61 
 
TAGLN 25.2 29 
TAGLN3 24.9 19 
 
TAL1 21.3 23 
 
TANK 23.9 5 
TAOK1 24.0 66 
 
TAPBPL 23.9 21 
 
TARS 26.7 49 
TAX1BP3 23.6 89 
 
TBC1D1 24.9 79 
 
TBC1D10A 24.5 79 
TBC1D10C 24.2 17 
 
TBC1D12 24.1 66 
 
TBC1D16 24.8 98 
TBC1D19 27.5 39 
 
TBC1D21 28.1 7 
 
TBC1D24 26.5 107 
TBC1D2B 25.3 98 
 
TBC1D5 24.9 6 
 
TBC1D8B 26.9 33 
TBCB 24.6 59 
 
TBCEL 25.6 47 
 
TBL2 25.2 71 
TBP 23.1 51 
 
TBPL2 24.4 42 
 
TBRG4 25.8 63 
TBX15 24.5 35 
 
TBX21 24.1 77 
 
TBX4 24.5 64 
TBX5 24.5 45 
 
TBX6 23.9 40 
 
TCAP 22.7 15 
TCERG1 23.3 62 
 
TCF21 23.5 36 
 
TCF23 22.8 19 
TCF25 24.3 98 
 
TCHP 22.7 70 
 
TCIRG1 26.4 55 
TCN2 25.9 22 
 
TCP11 24.8 57 
 
TCP11L2 24.6 75 
TCTA 26.4 83 
 
TCTN3 25.3 46 
 
TDGF1 26.1 27 
TDO2 27.4 3 
 
TDRD1 25.7 35 
 
TEAD2 24.4 52 
TECTA 26.5 9 
 
TEKT2 23.8 57 
 
TEKT4 23.6 43 
TEKT5 25.1 21 
 
TERF2 23.7 84 
 
TERF2IP 22.6 74 
TERT 25.5 96 
 
TET3 23.2 19 
 
TEX12 25.1 36 
TEX2 24.6 79 
 
TEX261 31.9 84 
 
TFF2 25.1 18 
TFF3 23.4 17 
 
TFG 21.8 73 
 
TFIP11 26.3 4 
TFPI 26.8 9 
 
TFPI2 26.9 48 
 
TG 24.6 9 
TGDS 27.9 47 
 
TGFB3 25.8 20 
 
TGFBR2 26.0 62 
TGFBR3 25.1 82 
 
TGFBRAP1 26.1 25 
 
TGIF2LX 22.8 26 
TGM1 24.7 14 
 
TGS1 24.8 74 
 
THAP1 25.3 54 
THAP11 22.0 99 
 
THAP6 26.8 60 
 
THAP7 22.9 94 
THBS1 24.2 76 
 
THG1L 27.9 38 
 
THOC2 25.7 51 
THOC3 25.9 58 
 
THOC7 24.6 117 
 
THOP1 25.4 79 
THPO 23.8 7 
 
THRSP 24.5 15 
 
THSD1 24.4 70 
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THSD4 23.6 9 
 
THTPA 23.7 58 
 
THY1 26.3 45 
TIAM1 24.3 110 
 
TICAM1 22.5 53 
 
TIMELESS 24.6 54 
TIMM10 23.6 52 
 
TIMM23 25.5 61 
 
TIMM44 25.3 66 
TIMM50 24.5 33 
 
TIMM8B 23.4 49 
 
TIMM9 25.4 41 
TIMP1 26.4 28 
 
TIMP2 26.1 105 
 
TIMP3 28.9 80 
TINAG 26.6 10 
 
TINAGL1 25.5 26 
 
TINF2 23.9 67 
TIPARP 26.5 93 
 
TJP3 22.7 20 
 
TK1 24.9 51 
TK2 25.5 37 
 
TLE6 24.5 51 
 
TLL1 26.2 54 
TLN1 22.5 74 
 
TLN2 22.9 9 
 
TLR1 27.9 8 
TLR2 27.4 5 
 
TLR3 27.9 8 
 
TLX2 23.0 63 
TLX3 23.4 75 
 
TM2D1 26.8 37 
 
TM4SF1 27.4 12 
TM4SF19 28.1 24 
 
TM4SF20 27.5 7 
 
TM4SF4 28.0 7 
TM4SF5 26.2 14 
 
TM7SF2 28.3 56 
 
TM9SF1 29.1 83 
TMBIM1 28.6 55 
 
TMC1 28.4 19 
 
TMC4 27.1 21 
TMC5 29.0 12 
 
TMCO7 24.8 51 
 
TMED1 25.0 60 
TMED10 27.2 51 
 
TMED8 23.3 71 
 
TMEFF2 24.4 58 
TMEM100 25.7 10 
 
TMEM101 28.9 33 
 
TMEM106C 26.1 58 
TMEM109 26.1 37 
 
TMEM111 27.9 53 
 
TMEM115 26.8 51 
TMEM126A 26.8 34 
 
TMEM126B 28.4 35 
 
TMEM127 25.5 79 
TMEM128 32.0 64 
 
TMEM131 24.8 108 
 
TMEM138 32.4 69 
TMEM140 28.1 11 
 
TMEM141 26.5 64 
 
TMEM143 25.7 55 
TMEM144 29.9 28 
 
TMEM147 30.7 85 
 
TMEM149 24.1 15 
TMEM14A 29.4 44 
 
TMEM14C 27.1 54 
 
TMEM154 24.5 33 
TMEM159 27.7 36 
 
TMEM160 24.3 72 
 
TMEM168 29.8 54 
TMEM169 26.0 55 
 
TMEM174 25.1 10 
 
TMEM176A 27.5 72 
TMEM180 28.4 50 
 
TMEM184A 27.3 25 
 
TMEM184C 28.7 35 
TMEM19 28.1 61 
 
TMEM190 24.9 22 
 
TMEM192 27.5 56 
TMEM199 24.9 74 
 
TMEM205 28.0 49 
 
TMEM206 26.9 61 
TMEM214 26.5 81 
 
TMEM218 30.3 45 
 
TMEM219 25.4 77 
TMEM223 26.6 56 
 
TMEM25 23.8 75 
 
TMEM33 28.2 48 
TMEM37 28.1 83 
 
TMEM38A 28.7 82 
 
TMEM41B 28.9 69 
TMEM42 27.1 95 
 
TMEM43 26.9 81 
 
TMEM45B 30.1 62 
TMEM47 29.3 97 
 
TMEM49 27.4 44 
 
TMEM5 27.5 72 
TMEM51 23.0 101 
 
TMEM52 23.3 82 
 
TMEM55A 25.3 32 
TMEM55B 25.1 72 
 
TMEM59 25.6 57 
 
TMEM59L 24.3 81 
TMEM62 28.9 60 
 
TMEM63C 28.9 40 
 
TMEM65 24.8 83 
TMEM66 26.6 80 
 
TMEM70 27.1 84 
 
TMEM79 25.1 47 
TMEM85 26.4 32 
 
TMEM86A 29.8 87 
 
TMEM87B 28.7 78 
TMEM88 25.6 40 
 
TMEM93 29.7 90 
 
TMEM97 31.1 70 
TMEM98 24.6 80 
 
TMEM9B 26.5 68 
 
TMOD1 24.3 91 
TMOD2 24.2 95 
 
TMOD3 24.6 63 
 
TMOD4 23.2 9 
TMTC1 27.1 33 
 
TMTC3 27.7 47 
 
TMUB1 24.0 66 
TMX3 27.0 73 
 
TMX4 23.9 62 
 
TNFAIP1 26.1 62 
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TNFAIP3 24.8 79 
 
TNFAIP6 27.9 6 
 
TNFRSF11A 22.9 90 
TNFRSF11B 26.8 49 
 
TNFRSF13B 22.8 19 
 
TNFRSF13C 21.3 72 
TNFRSF19 23.9 10 
 
TNFRSF1A 25.0 14 
 
TNFRSF21 24.0 65 
TNFRSF8 22.3 57 
 
TNFSF11 26.0 51 
 
TNFSF14 25.7 23 
TNFSF4 27.2 10 
 
TNFSF8 27.0 25 
 
TNFSF9 23.8 73 
TNK1 24.1 55 
 
TNKS 23.6 54 
 
TNN 24.4 11 
TNNT3 22.7 38 
 
TNP2 22.4 13 
 
TNPO3 26.0 54 
TNR 24.4 13 
 
TNRC4 23.8 24 
 
TNRC6C 22.1 3 
TNS1 22.8 17 
 
TNS3 23.6 85 
 
TNS4 22.9 16 
TOMM22 23.2 61 
 
TOMM40 24.3 81 
 
TOMM70A 24.7 45 
TOPBP1 24.8 55 
 
TOR1B 27.5 85 
 
TPCN2 28.6 60 
TPMT 27.7 73 
 
TPP1 24.8 18 
 
TPPP3 24.8 60 
TPRKB 26.2 44 
 
TPST1 26.7 76 
 
TPX2 24.1 53 
TRA2A 23.1 59 
 
TRABD 24.8 91 
 
TRAF2 24.9 113 
TRAF3IP3 23.3 14 
 
TRAF5 26.0 83 
 
TRAFD1 22.2 57 
TRAM1 29.9 74 
 
TRAM1L1 29.2 42 
 
TRAM2 29.9 91 
TRAP1 25.6 99 
 
TRAPPC10 25.8 114 
 
TRAPPC2L 27.4 87 
TRAPPC6A 25.8 56 
 
TREM1 26.3 8 
 
TREX1 23.7 22 
TRH 21.3 60 
 
TRHR 29.0 7 
 
TRIAP1 25.5 65 
TRIB1 24.6 79 
 
TRIB2 25.7 87 
 
TRIB3 24.2 55 
TRIM11 23.6 75 
 
TRIM21 25.1 20 
 
TRIM23 25.1 37 
TRIM35 25.0 76 
 
TRIM36 25.8 74 
 
TRIM37 23.5 82 
TRIM44 20.2 74 
 
TRIM45 24.7 71 
 
TRIM47 23.2 86 
TRIM56 22.7 27 
 
TRIM62 25.3 66 
 
TRIM65 23.5 93 
TRIM68 25.9 40 
 
TRIM7 23.8 93 
 
TRIM9 24.9 32 
TRIP10 23.3 62 
 
TRIP12 24.1 78 
 
TRIP4 25.1 41 
TRIP6 22.5 33 
 
TRMT5 26.4 54 
 
TRMT6 24.6 62 
TRMU 26.5 67 
 
TROAP 21.1 62 
 
TRPA1 27.3 54 
TRPC1 28.2 73 
 
TRPC3 27.7 8 
 
TRPV1 27.2 28 
TRPV3 27.4 25 
 
TRPV4 27.0 77 
 
TRPV5 27.0 11 
TSC22D4 21.2 35 
 
TSEN2 25.8 68 
 
TSEN34 22.7 77 
TSG101 25.7 57 
 
TSGA14 23.7 47 
 
TSHB 28.4 0 
TSHR 27.9 33 
 
TSHZ3 23.8 96 
 
TSKS 22.1 18 
TSPAN1 28.8 9 
 
TSPAN11 28.3 63 
 
TSPAN12 28.9 25 
TSPAN13 28.0 48 
 
TSPAN3 27.8 59 
 
TSPAN31 28.7 36 
TSPAN32 25.0 18 
 
TSPAN33 28.0 55 
 
TSPAN5 29.9 113 
TSPAN8 28.6 7 
 
TSSK4 27.5 26 
 
TST 25.8 105 
TTBK2 23.5 73 
 
TTC1 22.9 35 
 
TTC12 25.2 61 
TTC17 25.7 57 
 
TTC19 23.4 79 
 
TTC21B 26.2 69 
TTC23 24.6 14 
 
TTC35 26.1 58 
 
TTC36 21.7 8 
TTK 25.2 38 
 
TTL 26.7 110 
 
TTLL12 26.1 103 
TTLL4 25.1 11 
 
TTLL5 24.5 68 
 
TTLL7 26.2 77 
TTLL8 24.8 16 
 
TTPA 26.9 78 
 
TTPAL 25.9 45 
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TTR 25.3 6 
 
TTYH2 26.4 62 
 
TUB 23.0 99 
TUBB1 25.2 15 
 
TUBB4 25.1 63 
 
TUBG1 25.5 70 
TUBG2 25.5 52 
 
TUBGCP2 26.2 14 
 
TUBGCP3 25.8 81 
TUBGCP4 26.5 76 
 
TUBGCP5 26.6 82 
 
TUFM 25.0 73 
TUSC4 26.5 56 
 
TWIST1 21.4 81 
 
TWISTNB 24.2 52 
TXK 27.0 6 
 
TXN2 25.1 53 
 
TXNDC2 22.1 9 
TXNDC9 26.2 55 
 
TXNL1 24.9 60 
 
TXNL4A 28.7 102 
TXNL4B 27.9 48 
 
TYK2 25.5 13 
 
TYR 27.1 8 
TYRO3 24.6 103 
 
U2AF1 24.2 102 
 
UBA2 24.6 63 
UBAP1 24.2 49 
 
UBASH3A 25.6 21 
 
UBASH3B 25.9 47 
UBE2B 24.7 57 
 
UBE2CBP 26.1 51 
 
UBE2E1 24.9 64 
UBE2E3 23.9 112 
 
UBE2F 26.1 104 
 
UBE2K 25.4 87 
UBE2L6 26.4 78 
 
UBE2M 26.5 89 
 
UBE2Q2 25.5 104 
UBE2R2 25.2 90 
 
UBE3A 26.2 101 
 
UBE4A 26.4 35 
UBE4B 25.5 75 
 
UBLCP1 27.4 56 
 
UBN1 23.1 116 
UBOX5 24.1 45 
 
UBQLN3 22.8 7 
 
UBR1 26.5 35 
UBR5 23.7 87 
 
UBR7 24.7 71 
 
UBTF 24.4 37 
UBXN1 20.5 55 
 
UBXN2A 25.0 92 
 
UBXN4 23.2 73 
UBXN6 24.3 74 
 
UBXN7 23.7 71 
 
UCN 22.1 41 
UCP1 25.8 62 
 
UCP2 25.4 68 
 
UCP3 26.1 6 
UHRF1BP1 24.6 93 
 
UHRF1BP1L 25.2 68 
 
UHRF2 25.1 91 
UMOD 25.2 5 
 
UMPS 25.2 39 
 
UNC13C 25.4 6 
UNC13D 24.7 23 
 
UNC84B 24.5 110 
 
UNC93A 27.9 7 
UNK 23.1 52 
 
UPF1 24.7 98 
 
UPF2 24.9 58 
UPK1A 28.9 18 
 
UPK1B 29.1 17 
 
UPK2 25.6 9 
UPK3A 24.9 55 
 
URB2 26.5 94 
 
UROC1 25.4 18 
UROD 25.2 19 
 
USF2 21.3 113 
 
USHBP1 21.1 14 
USP10 24.0 104 
 
USP11 25.5 47 
 
USP14 25.8 80 
USP18 26.5 54 
 
USP2 25.2 52 
 
USP21 24.1 58 
USP22 26.9 93 
 
USP25 25.3 117 
 
USP28 25.0 94 
USP32 25.9 80 
 
USP36 23.5 98 
 
USP38 25.8 79 
USP4 25.5 70 
 
USP42 22.7 127 
 
USP44 25.9 13 
USP48 25.7 46 
 
USP49 25.5 5 
 
USP5 25.0 66 
USP6NL 25.1 8 
 
USP8 24.8 54 
 
USPL1 24.6 76 
UTP15 26.5 49 
 
UTP18 24.5 82 
 
UTP23 25.2 55 
UTP6 27.4 47 
 
UTS2R 25.9 38 
 
VAC14 26.1 65 
VAMP4 25.3 67 
 
VAMP7 27.4 49 
 
VANGL1 26.7 67 
VASH1 24.4 103 
 
VAT1L 25.2 68 
 
VAV1 26.4 32 
VCAM1 25.1 9 
 
VCAN 23.5 35 
 
VCPIP1 24.3 54 
VDAC1 26.3 87 
 
VDAC3 27.1 88 
 
VDR 25.0 58 
VEZF1 23.7 91 
 
VHL 22.8 22 
 
VIL1 25.7 10 
VPS13C 26.2 76 
 
VPS18 25.5 58 
 
VPS24 23.3 46 
VPS25 27.2 35 
 
VPS26B 26.9 91 
 
VPS28 25.5 81 
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VPS33A 26.3 60 
 
VPS37B 23.0 76 
 
VPS37C 22.2 98 
VPS41 26.6 20 
 
VPS4A 25.1 92 
 
VPS4B 24.8 59 
VPS54 25.9 89 
 
VRK1 26.4 78 
 
VSIG1 23.9 10 
VSX2 22.8 41 
 
VTI1B 24.4 96 
 
VTN 25.2 6 
VWA2 24.3 55 
 
WARS2 25.7 45 
 
WASL 22.5 94 
WBP1 23.4 48 
 
WBP11 21.8 49 
 
WBP2 25.0 49 
WDFY1 26.5 63 
 
WDFY2 25.8 78 
 
WDFY3 25.8 94 
WDR12 26.5 52 
 
WDR18 25.2 73 
 
WDR24 25.1 65 
WDR26 26.1 65 
 
WDR37 24.1 82 
 
WDR41 25.9 56 
WDR44 24.3 70 
 
WDR48 25.8 51 
 
WDR49 26.9 2 
WDR51B 26.1 58 
 
WDR59 25.5 67 
 
WDR61 26.6 46 
WDR63 26.8 24 
 
WDR66 25.8 54 
 
WDR67 26.3 56 
WDR68 26.5 69 
 
WDR69 26.3 45 
 
WDR7 25.2 47 
WDR70 24.2 52 
 
WDR74 23.8 52 
 
WDR75 27.0 51 
WDR77 24.3 54 
 
WDR8 27.4 57 
 
WDR82 27.5 95 
WDR92 26.2 47 
 
WDR93 26.7 46 
 
WDYHV1 27.2 75 
WFDC1 22.6 30 
 
WFDC8 26.8 10 
 
WFIKKN2 24.5 35 
WIF1 25.0 68 
 
WISP1 25.0 16 
 
WISP2 23.0 26 
WIZ 22.6 85 
 
WNT1 24.8 81 
 
WNT10A 24.0 50 
WNT10B 24.3 42 
 
WNT16 26.0 38 
 
WNT2 26.2 70 
WNT3 25.7 61 
 
WNT3A 25.5 110 
 
WNT5B 25.3 13 
WNT6 23.6 94 
 
WNT7A 25.8 88 
 
WNT9A 24.5 132 
WNT9B 24.6 89 
 
WSB1 26.7 53 
 
WWP1 25.3 1 
XCR1 30.7 7 
 
XKR7 26.6 68 
 
XPC 24.2 59 
XPO4 26.0 87 
 
XRCC4 24.2 44 
 
XYLB 25.0 79 
XYLT2 25.3 101 
 
YAP1 21.6 98 
 
YBX2 20.5 104 
YEATS4 27.1 60 
 
YES1 26.1 101 
 
YIPF1 28.1 57 
YIPF2 27.0 82 
 
YIPF3 26.4 57 
 
YIPF4 28.9 52 
YIPF5 27.6 38 
 
YKT6 25.9 58 
 
YPEL1 27.2 23 
YPEL2 27.1 94 
 
YPEL5 25.5 75 
 
YWHAE 25.1 79 
YWHAG 24.6 79 
 
YWHAQ 25.1 97 
 
YY1 23.3 119 
ZBTB11 24.7 31 
 
ZBTB25 24.4 78 
 
ZBTB32 22.4 8 
ZBTB39 25.1 92 
 
ZBTB5 23.1 62 
 
ZBTB7B 22.4 10 
ZC3H10 22.3 57 
 
ZC3H12C 24.1 111 
 
ZC3H13 21.0 52 
ZC3H3 22.5 86 
 
ZC3H8 24.8 61 
 
ZCCHC12 23.9 51 
ZCCHC4 26.3 40 
 
ZCCHC9 24.7 53 
 
ZCRB1 24.8 55 
ZDHHC19 28.0 23 
 
ZDHHC2 28.4 111 
 
ZDHHC24 26.3 72 
ZDHHC5 24.0 85 
 
ZDHHC7 27.9 82 
 
ZEB2 23.8 28 
ZER1 26.4 82 
 
ZFAND3 22.2 87 
 
ZFAND5 22.3 89 
ZFAND6 22.2 82 
 
ZFP106 23.2 7 
 
ZFP28 25.3 91 
ZFP64 23.8 81 
 
ZFPL1 24.2 80 
 
ZFR 23.4 73 
ZFR2 21.9 71 
 
ZFX 24.6 111 
 
ZFYVE20 23.0 60 
ZFYVE21 25.4 103 
 
ZFYVE9 24.3 106 
 
ZHX1 24.1 89 
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ZHX2 23.6 65 
 
ZHX3 23.4 7 
 
ZIC3 24.0 76 
ZMAT2 25.6 31 
 
ZMAT4 25.2 27 
 
ZMYM3 24.3 54 
ZMYND10 25.3 8 
 
ZMYND17 25.9 2 
 
ZNHIT1 23.9 53 
ZNHIT2 22.6 80 
 
ZNHIT3 24.2 63 
 
ZNRF4 24.3 33 
ZP2 25.8 7 
 
ZPLD1 26.0 1 
 
ZRANB2 21.6 37 
ZRANB3 25.5 47 
 
ZSCAN10 22.5 30 
 
ZSWIM2 26.3 44 
ZSWIM3 25.9 38 
 
ZSWIM4 25.0 84 
 
ZSWIM6 24.9 106 
ZW10 25.9 45 
 
ZYG11B 25.9 59 
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Appendix D – Cost and Conservation Pilot Study 
D.1 Introduction 
 Ten proteins (alpha globin, apolipoprotein E, beta globin, carbonic 
anhydrase I, erythropoietin, growth hormone, p53, prolactin receptor, prolactin, 
and prothrombin) were examined in five species (human, mouse, cow, dog, and 
sheep).  These proteins were chosen because they have been well characterized 
and differ in substitution frequency.   
D.2 Materials and Methods 
The protein sequences associated with these genes were downloaded 
from NCBI.  Multiple sequence alignments were performed utilizing COBALT 
(NCBI 2009c).  A weighted average biosynthetic cost was calculated for each 
amino acid position in the alignment.  Amino acid biosynthetic costs were 
calculated as described in Wagner (2005).  The weight was calculated by 
dividing the frequency of each amino acid usage by the amino acid with the 
highest frequency.  A geometric mean of the weights was then calculated to 
determine average biosynthetic cost.  As the biosynthetic “cost” of a gap is 
difficult to assign positions in alignments with one or more gaps were 
disregarded.  Alignment positions were divided into five classes based upon the 
number of conserved amino acids present.  Class 1 would have all different 
amino acids while class 5 would have the same amino acid in each organism.  
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The average cost of each class was then calculated for each protein (Table D.1).  
Significant differences in average amino acid costs among classes were 
identified using (two-sample, unpaired, unequal variance) T-tests. 
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Table D.1 – Average amino acid cost in each position 
Beta Globin Carbonic anhydrase I Erythropoietin
Num. Con. AA Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N
1 NA NA 0 17.31 0.00 1 16.02 0.53 2 22.69 6.14 2.00 NA NA 0
2 12.78 4.41 7 13.17 6.48 32 16.85 5.42 5 20.26 6.71 15.00 15.19 6.84 12
3 15.96 9.23 11 15.56 7.95 55 19.83 13.39 17 17.89 8.16 33.00 18.34 11.75 19
4 15.70 7.50 37 15.64 8.38 96 12.35 10.88 41 18.12 10.33 46.00 11.89 8.60 58
5 26.75 13.67 86 23.99 16.97 142 27.75 15.55 97 26.64 16.58 165.00 26.30 14.63 119
Growth Hormone
Num. Con. AA Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N
1 NA NA 0 NA NA 0 16.65 4.04 3 15.40 0.00 1 15.61 3.60 8
2 23.74 8.96 5 11.45 6.03 24 14.92 7.02 58 18.46 10.40 27 14.33 5.83 57
3 15.45 9.67 16 15.50 12.05 61 15.58 9.07 122 15.95 7.34 51 14.91 7.53 109
4 17.85 10.50 68 13.68 8.17 70 13.01 10.31 213 14.23 11.13 88 10.54 11.22 524
5 27.38 16.41 129 25.53 14.35 244 26.74 16.91 280 27.08 14.02 81 26.04 16.81 163
Prothrombin
Alpha Globin ApoE
p53 Prolactin Receptor Prolactin
 
Num.Con.  AA is the number of conserved amino acids (1 – all amino acids differ, 
5 – all amino acids are the same).  SD is the standard deviation of the cost.  N is 
the number of positions that fall into that class.   
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Table D.2 – T-stat results for all pairwise comparisons 
1,2 1,3 1,4 1,5 2,3 2,4 2,5 3,4 3,5 4,5
Alpha globin NA NA NA NA -1.07 -2.06 -6.35 -1.03 -4.55 -6.48
ApoE NA NA NA NA -1.52 -1.73 -5.92 -0.06 -4.73 -5.03
Beta globin -0.34 -1.16 2.11 -7.23 -0.73 1.52 -3.77 2.04 -2.20 -6.64
Carbonic anhydrase I 0.52 1.05 0.99 -0.87 1.06 0.92 -2.96 -0.11 -4.56 -4.27
Erythropoietin NA NA NA NA -0.94 1.45 -4.66 2.21 -2.64 -8.22
Growth hormone NA NA NA NA 1.77 1.40 -0.85 -0.88 -4.24 -4.95
P53 NA NA NA NA -2.05 -1.42 -9.17 1.00 -5.59 -8.84
Prolactin receptor 0.69 0.43 1.49 -3.97 -0.54 1.64 -8.64 2.37 -8.57 -11.13
Prolactin NA NA NA NA 1.12 1.82 -3.40 1.10 -5.96 -6.56
Prothrombin 0.86 0.48 3.72 -5.69 -0.55 4.15 -7.67 5.01 -7.41 -11.03  
Red values are statistically significant. 
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D.3 Results 
 In each case the most conserved class had either a significantly higher 
average amino acid biosynthetic cost or there was no detectable difference in 
cost.  In no instance did a less conserved class have a statistically significantly 
higher average amino acid biosynthetic cost (Table D.2).   
 While class 5 is always more expensive (or not significantly different) than 
the other classes expansion to the other classes muddies the picture.  Class 4, 
which is the next most conserved class, is only significantly more expensive than 
class 2 in alpha globin and apolipoprotein E.  In all other instances it is either less 
expensive or not significantly different than the average cost of the other classes. 
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Figure D.1 – Comparison of weighted cost of amino acids to number of 
conserved amino acids.   
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D.5 Discussion 
  While the results of the pilot study are not as clear as those shown in the 
final study they did lead to some needed changes and interesting results.  
Examination of figure D.1 shows graphically the average cost of each position in 
the alignment.  The data appears to be more variable in class five with many high 
cost data points as well as less expensive data points.  In general lower and less 
variable weighted costs as degree of conservation decreases are seen.  In table 
D.1 the standard deviation tends to decrease as degree of conservation 
decreases.   
The undertaking of this pilot study led to changes in the methods section 
for the results contained in chapter five.  The major change was the process for 
calculating the weighted cost of amino acid production.  While in the pilot study 
the weight was determined by dividing by the frequency of the sibling of maximal 
frequency in chapter five the number of aligned proteins was used for the 
denominator.  This change was undertaken due to the nature of calculating a 
weight based upon the alignment.  Utilizing the method in the pilot study in 
essence gives each amino acid in a completely variable position a weight equal 
to its cost.  This makes it so that an amino acid with a high biosynthetic cost can 
have a large effect on the calculated weighted cost.  Adjusting the method for 
calculating weight decreases the possibility of a high cost amino acid having a 
disproportionate effect on the weighted cost.   
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The results seen in the pilot mirror, to an extent, those seen in chapter 
five.  The position with the highest degree of conservation has significantly higher 
costs than the other positions in the alignment.  As conservation decreases 
average amino acid biosynthetic cost also tends to decrease.  Due to the method 
used to calculate weighted cost in some instances the pattern seen is not a clear 
as is seen in chapter five.  However the results show that, in general, the more 
highly conserved a position is the higher the average amino acid biosynthetic 
cost of the position.   
